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Figure 1.1 Prestressing principle in linear ard circular prestressing, (a) Linear 
prestress ng of a series o' blocks to forrr a beam, (b) Compressive stress on 
midspan section C and end section A or B. (c) Circular prostressing of a wooden 
barrel by tensioning the meial bands, (d) Circular hoop prestress on one wooden 
stave, (e) Tensile force F on half of metal band due to internal pressure, to be bal- 
anced by circular hoop prestress. 
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Figure 1 .2 Concrete liber stress distribution in a rectangular beam with straight tendon, 
(a) Concentric tendon, prestress only, (b) Concentric tendon, sell-weight added (c) Eccen- 
tric tendon, prestress only, (d) Eccentric tendon, self-weight added. 
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Figure 1.3 Prestressing tendon profile, (a) Harped tendon, (b) Draped tendon. 
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Figure 1 .4 Elastic fiber stresses due to the various loads in a prestressed beam, 
(a) Initial prestress before losses, (b) Addition of self-weight, (c) Service load at ef- 
fective prestress. 
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Figure 1.5 Comparative free-body diagrams of a reinforced concrete (R.C.) beam and a 
prestressed concrete (P.C.) beam, (a) R.C. beam with no load, (b) P.C. beam with no load, 
(c) R.C. beam with load w ( . (d) P.C. beam with load w,. (e) R.C. beam with typical load w. 
(f) P.C. beam with typical load w. 
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Figure 1 .6 Free-body diagram for the C-Hne (center of pressure). 
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Figure 1.7 Load-balancing forces, (a) Harped tendon, (b) Draped tendon. 
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Figure 1 .8 Sketched tendon subjected to transverse load intensity q. 
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Figure 1 .9 Load-balancing force on free-body diagram. 
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Figure 1.10 Load-balancing stresses, (a) Prestress stresses, (b) tmposed-load 
stresses, (c) Balanced-load stresses, (d) Net stress. 
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imnBMiiMiMHmi 1.I8 tiiniMHrruflB8iai|fnH 

ft _ P' M ub 

A c S l 


S13 




(1.19a) 

(1.19b) 


MHfru i.i9 BaiHimRtHnarmtiMnMiJBmBiJMHrni 1.12 BUMtimi 1.7 ttij 1 anrntsi 

£U 1 U V ct 

inmn p=p isiTRiaHSfnRnnmniiwtinmsRBiaiTURaTinainBBMiiJmaiTRiaHSfTimBis tutu 

Ul n c* U w U 1 Li U i 

0 = 0 1 


9.(5. Computation of Fiber Stresses in a Prestressed Beam by the Basic Method 
QfflUnilfi 9.9: ras 9. 99 UinrnnnttBinjiHITRIUMBH pretensioned double T 10LDT24 ttitU 

V in -o U ot a 

l9itJitiig|HtmHmHiB|uiia 64/r(i9.5im) 1 finsusnssirmtin^ sausnmtin^ iticums 


trnmsn 
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tiniyRuanMiu420pZ/(6.i3jUV/m) i Rmi3i|URa|mi3iBHHaniJTiHutin f pi = o.70/ pu 
= 189te'(l300MPa) 1 1tlimRHiai|yRa|inai|fnmRURRUtiR f pe = \50ksi(\034MPa) 1 ertinsi 
RarmaMiiMBiaiTRlutiRialRiiniwiwaliJnraiinitiiHRri 

1 U U i n c* n 

a. RlritilRJRtiTflltilllHSntiHtlJ BtiHiaUBR9mtTI81l3ITRi 

eu I i ] I i y d* -o u 

b. niRsimnaRinRiniaiTRimiBiinnifiJniRtmRutiiTtiRaTmiaiRRinBitfim i 

8 3 <2* cs' 1 Li U 1 U 

RtirmtiHBmfitnBtiBBitiiTRiH: 

1 U i m v U 

f' c = 6ksi BHaymtlJ (AXAMPa) 

f pu = 210ksi stress relieved (1 #60 MPa) = specified tensile strength JtJfj tendon 

fpy = 220ksi(l520MPa) = specified yield strength JtJfj tendons 

f t =12^/77 = 930/?«(6.4MPfl)=Ra|mi3mmHBmiRHRuiinialRi3raRa 

/' d = 4.8fait33.wPa) = RaimaMtiRiuMraRaialinwiaiiyRaimaiBH 

f ci = 0.6 f' ci = 2.88faitl9.9MPfl) = Ri3|maHBmRHRUIH1ia1inniIi3iyjRl3|ml3lBH 

/. =0.45/' r = Ri3rmaHBtmRHRunnialRaraRaia1intm5Rii 

^ L i U i no ct] c 

fJSfiJttJ seven-wire-strand JfiJfiBfi 0.5m.(l 2.1mm) tJSSujjl 
A c = 449m. 2 (2897cm 2 ) 

I g = 22469m. 4 (935346 cm 4 ) 
r 2 = I g t A c = 50.04m. 2 (323cm 2 ) 
c b = 17.77m.(451mm) 
c t = 6.23m.(l58 mm) 
e c = 14.77m.(375 mm) 
e e = 1 .11 in{\91 Amm) 

S b = 1264m. 3 (2071 3cm 3 ) 

S f = 3607m. 3 (59 108cm 3 ) 

W D = 359 p!f(5.24kN / m) 
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w $o + W L m 420 pit (6.13 kN/m) 

m m i i t ilium 




64‘-0" 
(19.51 m) 



Figure 1.11 Example 1.1 


Btaimitmtn: 

a a v U i U 

A ps = 10x0.153 = 1.53m. 2 (990mm 2 ) 

p. = A ps f pi = 1.53x189000 = 289170/6(l287/7V) 


P e =1.53x150000 = 229500/6(1 020/7V) 
HHi31tltUtnsntJSR^tUtSlR[UTltUltUi3 

v n 


M D = ^ — = 359 ^ 64 ^ x 12 = 2205696m. - lb(249kN.m) 
8 8 

nrjHfnj 1.5 st 3 1.7 irantns 


f = 


P f. _ ecf 

l ~7j 


1 

4. 


289170 


f 


449 


1- 


M d 

S r 

14.77x6.23^ 
50.04 , 


2205696 

3607 


= +540.3 -611.5 = -70 psi{c\0.5MPa) 


fb =~ P f 

A 


r 


1+ 


v 


ec b 
r 2 J 


M 


D 


tmmset 
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289170 ( 14.77x17.77 ^ 

440 t 50.04 , 


2205696 

1264 


= -4022. 1 + 1745 = -2277 psi(c\\5.SMPa) 
< f ci = -2880 psi O.K. 


b. wnsimBtiirmmiBlinwitiUBmnmi 

3 3 1 U 0 

HHianiiinnifwauiiintiiHRriuBRmBHitsi iamtsiR 

v n 0 n dj 

M sd +M l = 42Q ^ 64 ) x 12 = 2580480m. - lb 
HHtSMITJ M T =2205696 + 2580480 = 4786176m. -lb{541kN.m) 


natmaislMilMBiaitiJutiR 


f=--A 


\ 


1 f£t_ 
v r 2 J 


A - . 

229500 ^ 
449 v 


1- 


1V[ jr 

'V 

14.77x6.23^ 
50.04 , 


4786176 

3607 


= +429 - 1327 = -S9Spsi(c\6.3MPa) 
<f c = 0.45 x 6000 = 2700 psi O.K. 




fb=~r 


ec b 
^ J 


M 7 


229500 ( . 14.77 x 17.77 A 

1 + 


449 


50.04 


4786176 

1264 


= -3192 + 3786 = +594 psi(j\ 4. 1 MPa) 
< f t =12777 = 930 psi O.K. 


9.6. C-Line Computation of Fiber Stresses 


qmtnm afrttjisjTiTiffigmunnji 9.9 MijnuwnsimBaitfTimintiiuBmBfni uJimifu c-iine 
method 1 


thnmgffmtn: 


P e = 229500 lb 

M T = 4786176m. -lb 
_M T _ 4786176 _ 
a ~~A~ 229500 " 


20.85 in. 


e = a- e = 20.85 -14.77 = 6.08 in. 

nfJHmj 1.12 
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f = 


f b = 


j\ c \ 

229500 


f e'cf 

1 + ^ 
r 

f 

1 + - 


449 


6.08x6.23 

50.04 


x 

J 


1- 


ec b 

r 2 J 


229500 ( 6.08x17.77^ 


449 


50.04 


898 psi(c) 


+594 psiij) 


9.e). Load-Balancing Computation of Fiber Stresses 

fUffitflitui 9.9 rj]}numn8[iOQm{nimtnmusm|mn|mmtnmRtnin 

load-balancing method 1 

Aamtgmar: f= p ( , = 229500/6 talmunraiwa 

islntuptmtms a = e c =u.iiin. = \.23\ft 

ttUtimS balancing load 

w Q Pa 8x229500x1.231 , , 

W h = 8 = . = 552 plf (8. IkN / m ) 

/ 2 64 2 V 

SQtSSTuSsmUSRSSIfnrdmHISmmfl 552 plf BHBtiltifitiTmti P'/A r TUMSraRH 

V Li & -\*l Li l .) ot 1 Li t Li ct 

HIS tendon STHatTiflHtUttllffiHSHlSQtUlIRBmsitSsTH 1 

U V is. u 

ta*iiJimwii?HUBn9mfTiTHftnainntiiai3iflim tendon talnnjntimijin iJbib* 

<sj x* Uu O n c* v 

HSRSSimrdJmJlCUHHTRlSSCU=lVr ) +Wc n +w, 

= 359 + 420 = 119 plf 


W ub = 779 -552 = 227 plf 

M ub = Wub ^ = 227 ( 64 ) x 12 = 1394688 in. -lb 
8 8 

nrdHfTu 1.19 raatns 

, _ P M ub _ 229500 1394688 
j ~ A c S f 449 3607 


= -51 1-387 = -898 psi(c) 

F_ M ub _ 229500 1394688 
A c + S b 449 + 1264 

= -511 + 1104 = 594 psi{T ) 

<f t =930 psi O.K. 


ttnmatf 
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mtung 

1.1. Shkhiii iiJtiiTBiiJiragTHtmHtntiinHiTURaTtnamHMtiiJii aastho i nHiasmaraifa 

ctO Li Lj m cfc Li 1 Li n ot Li 

tcuti 34/1(1 0.4m) StfH1SRHfd36m.(91.4cm) 1 H8fnniUMflTnftnBUiJlCnia1nl3IUB P.1.1 1 
ftltiHinuafiHITsIWj, =3,600plf(52.6kN/m) 1 RMRGSSmmfUmifsri^ stress-relieved seven- 
wire-strand HtinSfi 0.5m.(l2.7mm) uJHTBUBWBtiUBnBBiniHaiHB BtigHBtilWJTJHfiH 1 
fJSRIjl tendon mBBIlinnSmainnmtllinia e = 13.12m.(333mm) ^ nt3Tfflt3HSfTTlSiHBurH1H1S 
tssiiaiUTiH: 

f' c = 6,000psi(4l.4MPa ) 

f c = 0.45/' c 

= 2,700 psi(l9. 7 MPa) 

f,=12jf \ = 930 psi(6.4MPa) 

f pu = 270,000 psi(l,S62MPa) 

f pi =m,000psi(\,303MPa) 

f pe = 145,000 psi(l,000MPa) 

nirnintHsmem: 

8 1 

A c = 369 m 2 

7 ? -50,979m 4 

r 2 =I C I A c = 138m 2 

c fc = 15.83m. 

5, = 3,220 m 3 

5' = 2,527m 3 

/ c =0.45/’ c 

W d =384/>// 

W L =3,600 plf 

t til s |rm m s t am s t s s m h! 5 si 13 1 jm h : 

(a) Basic concept 

(b) C-Line 

(c) Load Balancing 




r * 1 


e : - J 


3' \ / 

m 

1*-3* -► 6" 

:e- ) k 

' 

i 

1 r 

16* 

1 * « ’ r” 


Figure P1.1 
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1 . 2 . 1.1 MftnmtyiJ 45/t(l3.7m) BtiTJBfiHITjJ W L = 2,000 plf (29. IkNIm) 1 

1.3. t 70 ft 

(21.3m) tT^tusiritijmHiTRrarj liTRltnstjaicmsImirasp.i.s 1 fiitimntisfimtii 

\ / U L»u Lfl -o C* v <in 

W L = 480 plffkN / m) tTPffifnm|!Jf1i3|?Tll3HlS13nP1R|?1tSlRnil1Wltyl3 e e = 1 9.96m.(494mm) 
iiansiRliTmliraRlifijnfiJgimTfiltJtaRrarjGHtsstsItntu^j smsIintuiiatismSfriJ smtaflittifi 
tiilnsImiitlsfianfiHsmiR i MSRtriTmimiTmtiHsnBRmtiHM stiMHinitinjntJHisEURtuutits 

c* i m ~t> u i U i m ,n U a v 

mwfH'ragmuiJtiii 9.91 nmdiBSfrifm: 
lJltUHSH1SR|HltU81l31(S 


A = 1185m. 2 


S b = 4274 in. 3 


= 109,62 lm. 


= 25.65 in. 


c, = 8.35 in. 


S' =13,1 28m. 3 
= 1234/?// 
S2psf 
V/S = 2.45m. 



Figure Pi. 3 

1.4. ghhrij t BTHtmHtnmaHsmniJBuuuniginainB p.i.4 1 fnnBraliainia 36/t(iim) 

Cttj U mi 7J LTl ~v> u l_i c'* / \/ 

tTPffi|SUSRmt3J W L = 2,500 plf (36.5kN/m) 1 |mSSJl3t|URl3{ffll3lJlHmSt3 seven-wire stress- 
relieved strand HUfiBR 0.5m.(l 2.7mm) GSS 12 filJIfd 1 PTEinSint3T?flt3ra Si SCUl: 

usmfmn^imlRSHfii^mmunH: 

(a) Basic concept 

(b) C-Line 


trnmsn 
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(c)Load Balancing 

filSfital tendon HIBBIUnnSmalminitllltllia e = 9.6m.(244mm) 1 BtilRIinm 
f' c = 5,000 psi(34.5MPa) 
f\ = 1277V = S49psi(5.9MPa) 
f pe = 165,000 psi{\,13SMPa) 
wmm:H8mninBiJB&U3nmH: 

a 1 v Lj 

A c = 504 in. 2 

24LT30 

I c = 37,059 in. 4 
r 2 = I c l A c = 73.5m. 2 
c b = 12.43m. Figure PI -4 

S 6 = 2,981m. 3 
S' =2, 109m. 3 
W D = 525 plf 
e c =9.6 in. 

A m = seven-wire stress-relieved strand HfclfiBci 0.5m.(l2.7mm)tiss 12 fdJtfd 
1.5. 1.4 {tJMSra f' c = l,000psi(4S.3MPa ) Sti f pe = 160,000 psi(l,l03MPa) 1 
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II. Mim: atamnsfTHimTtmtaTtnia 

n Li o9 nj U i U 

Materials and Systems for Prestressing 

lD.9. tutiti (Concrete) 

1D.9.R. tMtsmfjtJ (Introduction) 

MttnUHanranl3I|URl3tmi3 rananSlufiSM (high-strength concrete) tfiaiRnifijS 
filsisHtii i Sqis§ iRTnfffimaJHniimn aaraurRi3R[mmniuMfii3HT99tiitnBiiMMti (strength) 

u V L JV Vi UUi Ww in VC7 ^ 

stamntisjm:incutft3 (long-term endurance) tBlflnmnmwiBmitiwmuRti 1 

Id.9.3. 

(Parameters Affecting the Quality Concrete) 

tifitiiti BamnnB^RnjimnBuandiJwtnBtmi:M8iaiBlRaiTtSanfliuRairaRaTRia i 

in i c* U U n i U i U 

i i 

RBnniiBRiiSBRimmnraRairanntiiiJainBRiRuamRtnaiTURaTHiatffiaitiSa saaitHitu 

d V 1 1 o- su U i U U 

tTR^aufltnmihHiHBtnainaBR i tiGiBs iRTRjHialmaRiitnRBR^iraBiBHTTRnrRa aamBiRim 

Li U n i 7J Liu ^t> Li E-J Li Li i 

1 

fnnrafjraRiaislRiitafifricutsfriJtaChR SiuriRRitiiiBRiiRntiMti RtiBtfitJnmRRiroRitnffn 

i <=* v 

ras la. 9 uairhnnfniJinQsiE3chHiQtHimit5t3g9nJtnsmRt3iE3ciJHisfi[UifnnfiJ t i 

u in -o n U u i in 


lQ.9.tt. fURlin:taratil3tl3tUfiml3 (Properties of Hardened Concrete) 

tRiBRniRimnHRiaBiuMiuRatiJtiiRRititiiriiniinBR: tURtinrscin: utiiRiinrimnntiis 

a i U a -vi 8 su 

(short-term or instantaneous properties) StitURflfKJtlKinnJtfti (long-term properties) *1 CUR [UK 
imrinnisiHtnBWMMiaMaR nwMijmm iimm^rir stimnlmmrri (stiffness) tafiMitfim 

tuw inn in ~o in U -nj x 7 

1 WR[m:im:tntlItJaH1B creep BtiR'UIHH'ig (shrinkage) 1 


I9.9.R.1. nWMtilMiJfi (Compressive Strength) 

HiThJtfJsammsmrjsntiiRH WRimriuMtsmuR im:intutBRii!tsmiuRa BtiRnnfnniB 

U Li ot 8 l l 

RultiffituRa iRmBBgwtnaiiMMtiMaRiuMraRaiuiRiJtii 20fai(i38MPa) utsfrimss i tins 

i u inn iu k ' "'■a v 

!BliiMMtiMaRinMraRa!tJtiitiiiiRiiJiratiiR[m:iMiJRBtiiHmaatsutuRi3HRiMRia1iiiai* 

inn i a d if- u ^ cu 

4ksi(28MPa) tsl l2ksi(83MPa) 1 lURaftJnnRIttJfTlRIlBaHIBMMMtiMaR 6ksi(42MPa) 1 


aim: Stimnsfimmrmtirmti 

ft Li ci cu U / U 
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Low w/e ratio 
Optimal cement content 
Sound aggregate, grading 
and vibration 
Low air content 


Efficient grading 
Minimum dump 
Minimum cement content 
Optimal automated plant operation 
Admixtures and entrained air 
Quality assurance and control 


Figure 2.1 Principal properties of good concrete. 


tiwwiiwian f' tnsHRnrdtunRFiJMgnariJti^Jsiri i5cmx30cmuJ£inTSmtrmHwn8[m 

in n ^ L u i w n Usa 

ntwitiBMiitJu Bi3THitnai5riitmf3BiiJimii3RinaMaKia1inm 28 its i wiitfiiititinmTUMTtnu 

n Lru o tun ltrn UU 

nttmtiiiMMiawtinn astm c-39 ^ iiMMtiiuMtunatBlnatrt^aufltiimMaHBiJBtnBaiiMMfi 

inn in i <=t U U n n v a i n 

1 i 

lUMMiunnHifiantitg ttfimrmiwnsimiarriraiim BtitunsimtBfniitsgisMtn i 

V 1 T-J 8 3 in 83 1 <=* 
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MrmuminitmnwMHij aci Code RtinmmsJHCTHmRmrjrjnjnRRrMsfianns 

U in U -y U « i w 

MinirtiBRi luimTRftnBiSrniriitmtiialinmiJtimiiJtiifiiBigliBiinm 28 tti i MTmumjntfmR 

n V cx U 71 Cf 1 71 ^ 71 lo-u 

tamBWfiimrtTifitmu RtJnniintiinMMtiiuMBiijnntSimuRaBHmTOinniwnsimtnBRaRinji 

8 "O "vi 71 in c* 1 U -0 8 3 c* 

(1) HR|HfnRISfdSfdnniRRJS1t3HfjtSR1JntfiJIRUt3i3tiltj?)TR!Rtili3 UIWBti /' .UtaJTfiffTlI St3 

(2) mBmimwitiMiiinnniHanm ( HnTHmniBMsfiiarli) Rtstiiti /c. tt3cuTRfm? 3.5 mp«isi 

Tin U 1 vJ 71 •* C l_»u 


1Q.9.R.2. n&jfjjlasini (Tensile Strength) 

f rt mrjmRt3HisRmRQiE3tURtHmtmRrmuitijrarjfi^RisiQisis o.io f' r 

in-o* /l ' t i cu 71 (u u U «>. cu u L 

si3 0.20/’ i writnRBafiMnMMtimrntiitinMMtiMan uJimhniiRmimuMiinmRnglBa 

J c in -o in n v 

HiMsntfiiiRs i iRmBln^iraBRamiriitmnnMMtimfTiiuMiuRa fRltntiwiRsmmrm^mRR 

i U ct i n -o i Li 

fil i Hi fill R hi a R U I U R hi Sjl a (cylinder splitting or Brazilian test) 1 

IBlRtiRlIfiimBl IRBtUBRITtfRlHHatUlJlB f r (modulus of rupture) tfitiRinnfrlMHlj 

C* 71 n U (li 71 I u A Li 1 n 

1 

ffimuJimRUMaRuluR f ct (tensile splitting test) fd^HIUHtiRltiRIlCIR 1 H^CUtJlR|Rftns!lfj 
II^mRIiriltmBRIBUtnRMIiniRRIlfiMraRaMBII^miaUBRBimBBU (third point) (ASTM C- 

i 

78) 1 MirniRRIlBSBIBHSRlRnaRin IlJtll^aiUMflBIBBin 15cm Stl HIS {tiff 1345cm 1 H^CU 

^BraMiuRiainBRtHBtiianMMtimiTiiiJimRiiMaRmuR i aci RtihRffiRHsnitiiHiMsa 

i cu i n -o n 71 r ^ 

7 .5-jf r c psi{^.623^[f\.MPa) Rl(HimURt3SHSRHR1 1 

tfisisl raRaBHBTMitiiinBnMMtigimRBtiiaraRagHBBHRn sirnTRimsstfiRiiRtifiR 

71 1 Li 1 n M7I | V w» U 

H Q tU ujI ft 1 U fiJ ‘ 1 tl ft i3 S ft S T fill HJ ^ 

7i r i «✓ u 

a. TUMStUtJMMtiSini1iifltIIiTIJfi3i3fiUtUfi f rt T?if TJlSnnJl?! 

U 1 n -o n J Cl Lru 

f r = 1.09/* < 0.623V/V (2.D 

b. JUMBIU f ct HSfRftnSRtUlR IJTJIHRnJl 0.75 M|]mU|RUIURtigHBtjmtlI sa 
0.85 M|jnUIURa9HB|tmnillJnitilURn8JlB 1 1RH1BI(U linear interpolation 
rdTHiuRirtmraiSitmmthntUBriB BatsuluRWHSHBrimtii ^ 

Li LiEdO^ H ty Lj 


aim: Stimnsfimmrmtirmti 

SI Li c? cu Li I Li 
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1Q.9.R.3. (Shear Strength) 

innn^inamiwtnnniammniiHnMMtiRinamHitJimrniriiMinimiM n^iturmifnnntnn 

ct i n tu 

Rt3mjE^mmmnt3TfTit3nHit3mmslE^Qi;EJimt0TRnRt3Tfrit3^9 1 fitiiHtmuimtJtmniinmina 

Ct 1 U tu vJ 1 U v l c' 

uiTHUTHWtmantaniHiuMnMMtiRmaRiRiiJtiiiTUTTiniri 20 % latiMMijRHitiMtiHMTHiu 

U Uu tu 1 n tu U Uu 1 n tu n U 

RIJuIRTJSRRHRl ISltlEU 85% ISnMMi3RH1(3MtiRMTH)URJmH1StJSIRH1(3fiJ(3R StiRHItiRIR 

ay 1 n tu n U *J tu n tu 


itfmniitih RiiTRnnanTRiiRimmn^anSiiJimiiMMSRHiaRiHtiiRiniiRTHutiH uJimtmi 

^ Lnj eJ U U n i n tu U i 



(Stress-Strain Curve of Concrete) 



Figure 2.2 Typical stress-strain curve of concrete. 


RUUliBanSSIRSSa stress-train raMiuHt3mBimi:M&iB[iinMMunuft[ijiiRif5mR St3 
RtuisiitRlaua^tumnmRa i ras to.la utnmnisiiRia stress-strain RnticusscutnsnRii 

U U n c 1 V in rJ 7 J li 

ntfmRitJlffinRM[UTlRRiraRi3MSfli3tt3CUii3tJSRfi3i3RR1HHRnS1CUira:inCUtjinRSS1S1 tRITITa 

u v i i w dt n u 

BIHBRltiRBHmiUMISnRltaTUIUltU 40% lailMhltiSMUtiH (ultimate strength) HIStURtin: 
hJH1H1[R (linear) fil ]W\ U [R U R1 1 H 1 Ml GSlRH Eh 1 umUHRfIJWlElJ 70% tSfiilfmiJtnfi (failure 
stress) tnRutiRinlararjfitihmips uJimuiSamnina i isi[Rti ultimate load wim^pgRiH 
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mnniffisrjtsmj^nusRmm^mmQtQfTitihaQnrj itri mfdcimnmSsritimmTGS ( iwmwa 

n <sj n xj e-J u i vJ Li 

MiminniiiJtiiinaiiMMtintsnniM) !unmH3Riajm:intijS8 1 ras la.cn nuicnnfsnma stress- 

V 1 6~1 v £U <=* Ol V Lfl-oO 

strain mfjmRl3^ClJH1SUMfi3t3nQSTmfiSCt3ClJmt9Tt3t^ltIJ Portland Cement Association 1 

1 in U Li c> vJ 

imaiuJnitsi (i) tunaiiJtmnanMMtimalHHti mBuifHutHwntiinjumginn ( 2 ) ymfms 

QcannfdHiHir^umRscsTi3tiiHmst3frijmnnstsTmsuMfi3i3fdt3firafjmfit3 (3) fnnMR 

Li v vJ u vJ inn l o 

(ductility) [RftnsmRUSffitj1HtlJSl3fTinRSCgjmSCJMfjil3 1 

to.m. HSfutHgnMts sl3fnnmranjtJMM43Mt3fitjiHtsjst3tcinj 

v t vi * U uw inn u 

(Modulus of Elasticity and Change in Compressive Strength with Time) 

Ujimtmiisnma stress-strain UJtmflJltTlIBlniaiUB la. 6 tflSCURCUKCfTlti (curvilinear) 

vJ in xj ct y 3 x 

1 

mia nfinmnmwfiuatBTUiniBfniiJinuBRiuMfi *i CRmtisscutnsHacutHgnMQCRntJsiFitjicsl 

v Li n unrvJ.ii <ii 

Sl3C8ji;rnt3{?iaQ[lilQtmClJ 1 (initial slope) rafddS1RdiCSlSl3C8jtfTll3|R!tnSR[inFitj1 

HEjCUtiiCuH (initial tangent modulus) ItlimiRH1BM6umHU*|nUB[mtimtiHMIBllw!8JIfna 1 
nBinuBHTRiaiiJwmuriBimtiitntmBlRaTmaiiJtiiiinm c ratuiw 0 . 4 /' > ntuiRBi secant 
modulus of elasticity rafjramn ntHtB8ninrnWR8[mMBRtslMtni:tnBtlIR8[m:iHBriMBIl}im 
ulrHUTHtiintiiBtmiJtiimHtnBnaHBTatBfrmJiRUBmKiBlinBfnaiBHiiJniHBBiBiauBRlfn 

Li Liu lJ ct vJ e* xj 

ItlimUtTHUTHtlinaintunBUBlUIBtRUJimmmiRUBRUlBHTHftnBtnRBntil creep 1 

Li Liu lJ n U <x Liu 1 A 

ACI Code IHimMHmi8Tiai|fTlHMljnUR[mBl secant modulus of elasticity JTJMIUfiti. 

E c 

E c = 33w^ 5 JffPsi ftiynu 90 < w c < 155/Z? / ft 3 
CtlCU w-Tfitft3WIfiJUMITJRti Bti TfiWMMijMtith MTtnUIUfitiBHlai3HRl 

L 1 1 J L inn Li \ is 

E c =57000jffpsi(4100jffMPa) 

U E c =0.043w l c 5 JffMPa 


mwt: Sttmnsfitnmrmtirma 

j~! U & CU Li i Li 
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Figure 2.3 Stress-strain curves for various concrete strengths. 
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Figure 2.4 Tangent and secant moduli of concrete, 
to.m.fi. (High-Strength Concrete) 

i ion i inn U v i 

(AlAMPa) 1 MTtntiranailJtmnBWMMtiigiBim* A2MPa-8AMPa WHfflJfiJTB'IUHSEU 

k / Ui intu Uur 

tHSjiMtsiuMiunan 


,{psi) = [40000 Jff +10 6 


✓ , A 1 - 5 


w, 


\145y 


tl 


E c (MPa)= [3.32 Jff + 6895 


Wr 


\ 1 -5 


2320 


(2.3a) 

(2.3b) 


wnttiisg tRHiQgstutnsnwrdamrjraRtiJuisiStij 138 MPa ithmiratjutungiri 

0 «✓ u in 1 v U 

|m.(9.5mm) Sx3 pozzolamic cementitious tjS£dtHltlJ£i3Hi3Rutitil silica fume 1 ibHlnSgtlJulS 

nMMtiluuiasiBimmiaiTmHtiinsniirmtnmmmfnn BtimirauratiRimmnmiaBntitii i mthiu 

in ctUqs l UUi U 

IIMWiStitlJIBlBIBl* l38MPa - 206 MPa inTRiUIBHWlimmHtillJtgiBtHlJBtilllJR TJ carbon 
fiber i MTHiurauRiimmtiHMiB* iRTHiinmitmnniTanjimtiiTimraHatiiiraani c tihaBa 5 ) 

U U c &J EaJ ] U v 

isimitiis ithmimtuimimn^iBtjBgwtnBmninmiMtmnrni (workability) 

tsimnna *i imTuriHM9iia!iJmiJ[iiHiBHanSH 10cm stimsRHfj 20 cm uJimHainmiimni 

1 UinivJ n w- n i n U 


turn: atimnanmffimntiTmti 

ft U cu U / U 
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gun uinti la. 9 nffisIrmmiRtanSHTggcutnsnMrj^riJtiriGtji^ isooo psiinAMPa) islmtu 
56 Its !tJtmtU8ia1ni3ftirmiRtiiniH design mixture 1 JUS b.fi UiflmntimmHIIMMijMtifi- 

ts ctu cu v in-oUU inn 

fnujnmuJimiTunu I0cmx20cm fdTHiunj]iffira?ii3it3cutnsfmtiJut5ul3iniRi3?nni3 lo.sn mnti 

l U i n U w i v in \jct 

la. la utiiRinwnmrafitiuJtiJtnB design MTtnunwMij 84 MPa isimra 7 its i tiwintuwutifi 

in ~o n i U in i tx U i 


iwtsUiuRwmwtsurann n l : 1.22 : 2.06 wimmnnJiTUTutuuims ioo-i 50mm 1 rasla.S 

h wfc Li Liu tu i) 

mnmn HsmnnHMHiMiiJwiTUTtiMiuRairaRaTsnaialitijwiuTRiasi 1 

U1 *\9 1 c* Li Li l Li l Li iuLi 


mnij b.9 wpmtijMunu f\ > 1 8000 ps i {\ 24 MPa) 

Superplasticizer 
W. R. Grace 


tjmuuti 

gmuntUR 




Dartard 

40 

Mighty 

150 

^ in. (9. 5 mm) 
(kg) 

(8J1Q) 

to 

WfjfciR 

(kg) 

sn 

(**) 

Silica 

fume 

(0 

g /100kg WUfciR 

1104 

687 

565 

128 

64.5 

116 

540 

1117 

687 

564 

128 

64.5 

116 

904 

(1065) 

(649) 

(561) 

(w/c=0.22) 

(41kg) a 

(330) 

(up to 1323) 

a iRgiiaaiufj silica fume 6 1 gmSm^tgmgfUjiragR(gitngSmBnifigfitS 

CUHStTrififLilU 1 




tnnti b.b ciijira^Miuiu f\ >i8000/wi(i 24 MPa) 


tjutuuti 

timuntijfi 

s^> H 

MuaRrijisra 

1 vJ 


Powder 


^ in. {9. 5mm) 
(kg) 

csriQ) 

m 

rums hi 

M 

SR 

(kg) 

Silica fume 
force 10000 

(I) 

Liquid 

Superplasticizer 

(Grace) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

1092 

649 

425 

170 

106 
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lEi.cn.s. stiHanjtHgriMti 

inn v r vl «$» 

(Initial Compressive Strength and Modulus) 

uJimMmRHaiRRtnaiTURarmaHsintmunasstutnBnMMtiialjnm 28 its iRtsitnu 

1 n m U 1 U 1 1 u in i *s 

RimRiiMMtiMaRJUMiuRa f' ri iBlttsHsiRRtnaiTURarRia RtiuthuannHUTiMti e,, juwfi 

in n 1 J El *s 1 n cu Li 1 U v v r vJ c 

!3lfi[ijnRmnntiia5taTuiRisfTiiiJiRuaRiBlit3HaRi MurrusislianMMtiMaRtiJtiJtiiHaRHa 

vJUn <* n v inn i 

miMtuahintuR 
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Figure 2.5 Compressive strength versus age of high-strength concrete. 

ttiEU /’ r = 28 Its 

J C i ci n i tr 

t = itmntuimtiriti 
«/ 

a = tHfiimmrMmBtiraifigjuMMHian BatunsimigmiitSmrana 

i u U 1 a a 1 

= 4.0 MUnUMHan|Uin9 1 tframBtimittimitfimwinjiH (moist-cured type -I 

cement) 

- 2.3 III (moist-cured type -I 

cement) 

= 1.0 MflntiWHtiHtUIfiB 1 tilHmBamiftSmuJiraBimmgn (steam-cured type -I 
cement) 

- 0.7 MfjnUMHtiHtUIfiB HI tilHmBi3fni!t?9niJimBUnmgn (steam-cured type -I 
cement) 


aim: sitmnsnwtnrunitrmti 
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b = iHHnjiHitMmaatiiniHTRiiJtiiTHfmBaiHHnji a “i fnmsti o.85, 0 . 92 , 0.95 sti 

7 1 Li Li Lru ct 1 

0.98 njtifp 1 


f' .= 
J Cl 


f'c 


a + fit 

V Lj 1 1 U U 

t 


(2.4a) 


f'a = 


f'c 


Cl 4.0 + 0.85 1 c 


(2.4b) 


H^mragj1Mts|!JfiJSfnn (effective modulus) JUratUfititi 
stress 

t c = 

elastic strain + creep strain 

rifi 01 H H tUi H g n fd ti ru M g fTl n 8 fd U t) d (ultimate effective modulus) 1 

7j i vJ c* U e* n 1 

E„ 


(2.5) 


F = 

^ cn 


i +r t 


(2.6a) 


UjCU y t tJl creep ratio iutU 

ultimate creep strain 


Yt 


elastic strain 


Creep ratio y t lt3CUH1Slt3SR[Ulfi8fdiI^?i Sl3STOtI^?ifd|HimiJ?1i3l|yRl3|?ril31t3CUH1S 
fitUlfnnSfdB 

l n 

4100 -H^ 


t^sntinnsfdtJtlfi: y t = 1.75 + 2.25 

n i • l 

IflBnimngiuntin: y, = 0.75 + 0.75 


65 

f 100-7/ 


(2.6b) 

(2.6c) 


ttitU H tjlfdltlbHHGjH (mean humidity) fifitfl % 1 

ntdHfniBitiini imaranitsiRmiiJwtisfignnnwRiHiuMHatmHariMBiiJciiiTrTirauBR 

-on a cu v r vJ U <* 

tslHisfihtuimsImarams tlnnBtuBfiiwwHtin mmiuMiuna stiMfituifnn i titttssfdTHiu 

«=* i U l l i 1 in v Lj 

i 

ItJtUHIBtlimmrmidldlJtitil arches, tunnel Stiff'll IRBltnBfiimHHSnnHBTlMBmM 

lunaciniBtitiiiBfnitiitmis *i ii^midiiimiMtdiamfnraMianainBHiHHBiJBiBJinHBtnBnimH 

i a i n -o i su v v 

HatuiHBnMBnamiffimiB imntdBHHatiiiHariMBnafnigimiiSBaHBtmHsriMBnafTmdaHi 

V X id cii Gt ~0 «t> V l id ofc "V) Vt y f id ctn ct n 
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19.(5. Creep 

Creep U lateral material flow tfl ffl It fi Bt Sjm SITE [HU [H Elintit UjU (strain) tflHHJBtiinW 
tfClJltESnJtmnntUHfTntJSnHGt^Sm I (initial deformation) ltifoU[UnEUHfin 

HSR (elastic strain) m[foRQm|HU|Hfonl3mjumSHttlnJUniTlCU 

HRnUSRtiltiEuiifrl creep strain 1 

JUS lil.nl Ui3imnmnRSlS]i3rafj creep strain tjIHffiSDinnn ISlRtimon shrinkage 
IffiDtmnital creep stain tiffiGSlSlffimnCUl mUSmUJUfoUBni creep itflffiflEU tmumURfolR 
flUJlffifTIJuR elastic strain Si3 shrinkage strain H total strain lilS 1 JSIoUtjl shrinkage SU creep 
HsmstiitnnfimunjQRntijnmmtliffi (superposition) fd[uiu 

RtlllR strain tTIS 1 tftttSS 

V 

Total strain(f t ) = elastic strain {s e ) + ereep(£ c ) + shrinkage^ v/ , ) 



Figure 2.7 Strain-time curve. 

JUS !Jt3iniRJRl3tUUltS strain UTtimSitltUtJtUTlCUntJSRrdllfiHmTSffi St3 shrinkage 1 

V in m net U n <sj n [n C3 

ttHrafiriJ creep mieutusmncu tfujssffRjtmjiUfjfm Ruits[si3[situ fU3[?ni3 smncu i 

mjntrmtitjinQSfnstJtiiniimtiJimnitfi creep deformation rdtnHiTmsIsiatJSRHSIns 

u in m x> 1 Li <sj i n 

msfnnMHiHiTmssHismHfoTHimnm?iRl3T?iii3fiij i mHsmQRtihmtlsRndngrjiJtanfnsffiiia 

in U m U i U v n i 

fjmms mslimmimucutusisn 0.2 jsI 0.5 is r r ^ mmsttlsRtuimsiijanicuHRnfrijncu 

1 Li in Li Uu eu •* C su n 

tflEUJS microcrack i Sli H fo 1 u fon i R U S n tn S ]fol Ul fo 40% ultimate load 1 


aim: Stimnsfimmrmtirmti 
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Figure 2.8 Three-dimensional model of lime-dependent structural behavior, 
ras la.&t !JtiininH8mfirarjpiJRi3cuuitslRi3ras la.tf tJ3njTwmsist3tja^njHisHRfRuiijTsi3 

TJ 1/1 -O 1 TJct <=t 7J U EU OtjLj 

1 1 

jyitu t x flUtfinitil snt3 elastic strain Sti creep strain WH'IH'l{ms1 

slimiTma^cuHSIfn tlijfnras tiainiHgfnRTfijmsIslitJiiitlcuirisHRnncu stinmnuiti 

l U in v c* V in -o l U su xJ xJ v 

fsmmra islTfiam3T?fii3 /, itirnss liutiimsIfnnaQfnjlnassinssms creep smncu stissin 

U U UiU^Iy 1/1-071 Tjct 

SSms shrinkage SttiHCU 1 



Figure 2.9 (a) Section parallel to the stress-deformation plane, (b) Section par- 
allel to the deformation-time plane. 
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IBlRtiRHtfi shrinkage, creep 

is1iRfnn^Hmi3Tfi3i3rarj!ilfms i TiiMsramt3RtisRnfj[uriRRramtjniffi:incuii3tJSfitiffii m 

Li 1 -oU dj V & v 

sscutnsfriiTRgimsiiRfnn^mHgnMijfnH^ tRRQtjiiamTHtJTHnjnmGfmTmHmnrafjiJSRi 

U Li vJ vJ <2 i iu V Li Liu U Li d* 

miTR9ims1iRfnn^H8nji:tJSi^ffifnimfiiJSffiOTTHiJTHturii3mfiJEihi3MslH5 ffiftnsimmffi 

Li vJ n «n. Li Liu Lru 

itungtal creep recovery 1 fTliT?igTms1iRfnn^HlnimTMtIJ?g1Si3mffirafjra?ii3tSlintUii3iJSR 

v^.a-'LiiJ xj Li ]] <in 

ramsfilfi t R HI S m till |ps creep recovery fTlSiRH (iHE? 13.6)0) 1 



Figure 2.10 Creep recovery versus time. 


Creep HisgmRgstitihtiBfiMfitfiHffisti shrinkage tiJiffimHtsriHgigl tu?it3tt3cugtjgcu 

A ct u 0 &J v 1 

Sti shrinkage tjlS RH1S creep RGttiJ ItJWtnHfJHmi3nna8H1B9mngai3iglBt3 hydrated cement 
paste i ttotss creep ggwfiBnmnmntinuMiufiti tunsonmuis BtiBiniuMMiurmnn instil 

1 v 1 u o ivJ laacu win 

tmcumjcin creep 

1 V 1 U i U i 

HRtitiialintmmTUBR^iRH uJimtsuiun BtinnngwHtiR. BtauJimtsuiun atimtnimwHtiR i 

Li ct Li 1 <* 1 

t3GtS§ fntmuntitmBtUBmtiiMHiaR BammililMHaRmBIRIBTaSM creep Sti shrinkage fTlBtR 
G 1 mmnJnmHinil^munrriStgjmipS shrinkage Sti creep fTISiRmSHStlJ 1 


aim: sumnsnwtnrunitrmti 
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lE3.ti.fi- Effects of Creep 

shrinkage ttil creep UlSBfTiritfmiUWBH Stf RftfltUSnil ItliraiSlinmtnHUtin- 

nnaiTunarina *i itUMniB* BirninSmBHiuMMMnunainnHmaiaTaigltTiHintiiiiJimtmi 

Li i Li is- \ vJ 

creep iiJtiiiBiinmtnBfTmtiiRHiaManriraRaiffliiJR i 

1 o' <ii m n i 

tsitntut£3tut£3n yield, lUfitiBtiltiUBfmiBH “1 titHSS WMMiaJTJMMMJTJBmti* WltUR- 

J 1 a, y in i 

inmtiiuMHMnnBiaJti iflnnniinmiuRaiaRaitnaiWM stasn^cumjtnn i 

l3.Cs. 8, Rheological Models 

Rheological model ^guniimiHfTlBt3IlJWnnJiBlfinUlBL9ti|9imBIBllUMMH1l:ipH 
mnrarjnayna 1 Model (elastic spring) St3 dashpot itiCURtinsi 

tjlfii3{R1i3, elastic strain, delayed elastic strain, irrecoverable strain StiiCItU 1 tftftRlUTIhtJntU 

BhuitHutHtunainju rmm dashpot nnjniaiinmfnnMtntntnifiaRa 
tfna ShHIintBUItHUtHtlinainjU lliui S13 dashpot ItJtURUjUtillgauiSRtnBtil Kelvin unit a 
miRnjntillMIUlSRtnBtil Maxwell unit 1 

ras la. 99 titfimn Burgers model itJwiRHiBmtmnrirnnnrTiitiiBBingBaifiaRaTHia 
-strain -Id CU lUMIURaiBiTRtillJBMtnHITRtilHmBaminnilRS* 1 Model IBMIWmBJRTmH 

1 Li Li u tu Li 

UtHWnaiBjUIlJtlIinti|R9inig1infnniBH8[m: (instantaneous recoverable strain) a . delayed 
recoverable elastic strain iSlRi3Jfi3J b St3 irrecoverable time-dependent strain ISlfitS dashpot 
c sa d 1 fnriBBISJltmUM model tSSRljlfntlSStj JtSitntUtEjtUtJSfi 
tRftnBBUBtljltfim Maxwell dashpot tamilS fnnumS§HS]Jdi;Sjt3msmURl3i;S ItlEU creep 
ifflflWRtHnnnRtiiHmBaintii tiBuinmiBlntiiuB la.nl i 


c a 

't\VM 

' y » 

Maxwell unit 


Figure 2.1 1 Burgers model. 
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Ross rheological model UJWUiJirmBlntiJUB b.®b til model itimtHSirinmuHTtlJU 
UtntifnngiS'lfiiiJfj Burger model 1 A tslnti model tBSHnmtilHimmnMtnmttriB stress- 
strain rawMHii:mHBnmfiri. d tiidashpot mimfi sactiilhjnHsnwQttitiJjriQumsntria 

■ne-Jy A i vJ cji u* nj 

HSlRS Pit) ttirafdMgfli3UsBfiitilffiRH1l3RR?n 

in \ / dA i vJ m 


A 

P{t)~* VWV 



^P(t) 


Figure 2.12 Ross model. 

MHfnmtlJIRlsjlHffimHJra: Ross model WfHTORlUlfi creep i[fTlHmnrarjtJSRRl 3 
tsiSliitlKintU tfi 

m 


C = — (2.7) 
a + bt 

tticu a sia tiimHitsiiiJWHiBnimntnBnniMinB *i 

cu 

Brason creep 1 1RHIBnnJlflmtHUtHtliriainjumaH e cu 

itiCUiKUllChn creep H 

^ cu ~ Pufci ( 2 - 8 ) 

ititu p u = IHfitUl creep QfifTl ttiWtilBIBlimtnlflffl specific creep 

f ri = inaRtiMiRRaTsnaiBlnaHaRira^aufliiJtiiTRfmaaulTHUTHtiinaiBtuimm e ru 

o L t i i Li Ct n u U n Liu ct Li Liu i_j n <- ** 

l 1 

Ultimate creep coefficient C u HIS nil 

C u =p u E c (2.9) 

URtHHBTHJTJMflfi C„ w 2.35 1 

■vji tu eJ W 

1HRW1 creep iglrauSIUl: ( MTHltiniRSIlJlMiatflJ) HlSilti 

1 A Li Li 3 a n 


mwi: Stimnsfimmrmtirmti 

f> U Gt (U Li I Li 
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iJHjititqjfi 


C t = 


Pt = 


t 0 - 6 
10 + t 

t 06 
10 + t 


0.6 


c„ 


0.6 


( 2 . 10 ) 

(2.11) 


t tjuntuBnijitti siiAtjimtininnnn tuRgiuifiJii^njltufiniifii^tiJBrason mu?U3T?i!His 

i a an i Liu 

fnnnffitstilti HIM 10cm BtiHIBfinimHtfjmifilM (relative humidity) 40% 1 TUMSttltUfiStUl 

"VI v S ' U 8 3 

HSfiiatJlJ IRTHiHBiRIHmiillRMTHtll creep igllWMHRlI 2.10 SD 2.11 tiBBltilTRlH: 

o L»u i r> i uu 1 u U 

(a) fUjWii moist-cured concrete itiWItiTJBRIBljnm 7 tti mjBBtjltilB* 

k a = 1.25t -0 ' 118 (2.12) 

(b) fUTtflU steam-cured concrete ttitUttSUSmslHItU 1 ItstBl 3 Its HIlBBtiltilB* 

k a =1.13f 0095 (2.13) 

fUTHTO relative humidity 40% IRTRfHIimHRimiRMTHtllBltilTRIHiglltiiMHRlI 

Li J Liu ] 1 Liu Li 

2.12 BiJ 2.13 

k ci =1.27-0.00677/ (2.14) 

tutU H = relative humidity fiRtil % 1 


l£).Ec. S5355505HS (Shrinkage) 


tJlStSl shrinkage HlSfUftltfiSFi plastic shrinkage Sr3 drying shrinkage 1 Plastic shrin- 
kage iRRtnBRaHBTaintiiuBiBiHiaiTRimititiitsiRiuRaTMMtitiiRariH i itiRtiniiisniUJimiti 

’ ct vJ |-t Li i Li u 06 1 n <ii Li 3 

8|tufURttJitiifijiJtt3tiiraruJiG i RtiRiimimiiB* rutn/iHmrufitJiRnt^matmmrumRatti^stJia 
BtiiBiMmngRiRi§airari|Mmu&itiiunHiuMraRa i attififni Drying shrinkage iRRtnBiffnm 


HIHJltiUJITJRtiBBUltnB final set ItlimfilimimiHnhRRHRHIUMBRMHaRTRftnBamU 1 

1 U 1 U 1 Lru is- 

Drying shrinkage ^RlIRIRUBmingraMIURaiBlinillllJWfltSlRUtiMinjiHIlhmtmnuiR 1 
tnRRRUJnJjjHlBti shrinkage tilRUIRBmgRlHimrRUURBR ItJtUIRIinmitlDlStslRinRing 


(swelling) 1 tfl frits S EITI EI3 Sj fi tTl shrinkage SD swelling tiltstUSIttstll BUJIUMBRIBlRti 

fj i c» oi " ©>^3 o o O <=»> oci o <=*> ^ oc^ O . 

IBBIMHBIUMBRMHaRIBMnniRRnURauJiminmniHRnRIRMIimH BtiRIRIHRBRSMRllflti 

n & i v i 6 i h i <=* 

futuriRRj aamraiRiMiiJniiBlfi5fTifiiiJimHaRRUBR8iaiTRl i 

V 1 -Ni U 
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Shrinkage HSHiaflt[ljilTS19TtItg1lRfTlt1tSHtClCTlttlJtnt9 1 IBISUtfilRtilRthURtiltitlJIH 

< ~> Li vJ ~o i i u 

HngTRurmBTinBminmiaH ras la. 9m mnennmj 

mgi^auitHntHtiinaitsjuiflimtmi shrinkage s sh tfiHHJBtimw i H|miBmnRBiff}aiB8tsm 

tis^HmaairitiiMTHimuRaiiJtiiinBinmiraBiiJtiiinBtiiBfnriireBnarniBUBtiitiiHmaaRaTsna 

1 W Li i lU CJ U C» W 1 Li 

titttSSflJtiSf shrinkage RBHBItfimuftHUtHnjntilBjUItfrmrmi shrinkage IMItHBtiTJmn 
mMHHfitoTHUBtiUB'lflintlJ 1 

IV U e* 



Figure 2.1 3 Shrinkage-time curve. 

Rin^IlBBtisrlBtltlllJtliBtrilUM drying shrinkage R: 

a. tjUIUR (aggregate) : gmumBMRHmnBUfTlIIHingraMBRMHaH titstSiraRtilitiEU 
HismHinjitimuRUQsmmjHstiRinHHi^RBRBi irowriiBs WRimriuMtstiraRtii 

wt U U tJ tJ 3 '■'*> 

HRRIUlRmnBUBWRIIIHHig 1 TsUIURIlJtmnBHaHIlHBriMBRIBB UHlBltiiraHRIB 

b RiBlmnBMHHfnnRaRiiBUBWRiiiHHigiuMraRa i 

b. titlllBjUBRIWMHaR (water/cement ratio): titlUBjUBRIWMHaRRIBIRB RIStRHIS 

shrinkage ft 1 JUS 13.96 ltlE3j1{]TimSSS1RSSt3JJlt3mHlMtimUR BtititlUBjUBR 

imMHURI 

1 

c. Bin JTJMITJRti (size of the concrete element) : BltiHfRl Bi3BtnMIUIUMR1IIHHig 

timB8tiiHtfisi3RinRst9lmsHi^mrjmRi3 1 ms irt^aufliiJniinBBinBTRiRiiim: 
inWIBRIIIHmgtmtjlti II^mtmifltRfRlIinnnitlIlM|jnU drying shrinkage islticu 
RtlSSItiRti 1 JlHIQ^RjRintUnnm drying shrinkage BlUlSHIBl 


aim: Stimnsfimmrmtirmti 

si U e? cu U i U 
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titrn1 25 cm n ttl Jt3fjcnt5 iuimfiTnfrniira:inw®oaii3HTtjiuiSHi3itiiTHl 60 cm 

Li <in L»u ot e-J Cl Li 



Figure 2.14 w/c ratio and aggregate content effect on shrinkage. 


d. EURSndmffiimfijHfSjB (medium ambient condition): Relative humidity BGJBtis 
flgntlltffiaaiiaiJtiifnilHHig 1 HTmiafTWHmgBtiHB lalintu relative humidity 8M 1 

MnnjifnntiiRfnHtmtiiaiBtn iiJtiifniiHingaainBtiiaaialintiiMRimfnngiu ^ 

i in n u O U u i in 

e. mmimiUMUJnntSti (amount of reinforcement): 

TOPitifiJS 1 1 

1 1 d 1 ct 1 

f. gntifffiH (admixture) : ftSnmmfdSRt^RHHlThJtfJSt3Tmfigmfdfl 1 SRtflRBmsls 
minima (accelerator) until calcium chloride IBimmfTUJHmgifiBI^ti 1 Pozzolan 
fitntiS drying shrinkage iuJ in air-entraining agent mStiSnnjnnnnUUUTlo 1 

g. unngwHan (type of cement) : mhr mtininnliaicu] s ijHHi^mtatiita^mngwHian 
itiii35igtm inwmanitithsmnmiramgmnusm utuuutnnfmmmsitiimmr m 

OJ i v U cx -va 1 c*u U 

mg |tiMsraim|p!itiiHtiiitinn|pl 3 1 

h. TunnHgMsmusQ(carbonation): fniiHmguJimtmiTunRHgMBfnuBBTRftnBniSn 
ifffiauJimwuniRRHifiagtuBmuBBiiJtmnBiBinamBnfnMtiiHmBagMBfTiuBB 
ititutnsisIniasnMHian i mmonismnHtijismnHHigitiimfiJiT drying BtiuJim 
fin? carbonation iTUTUthmTfdmstamncTnfTnmsmimTnniglrafjfi i rahjsratnn- 

Li Litj Li -\j ~o bun Li i 


38 


Materials and Systems for prestressing 


Z 36 


JqparistiiBmrimsmsamntji 


Department of Civil Engineering 


nnmtjnnasmmBianaintiifiiinitiim fniiHtngaaHiBBifiHtitiia *i infiiimimiiami 

V vJ ct Ot U V 

IHHiguJimcarbonation |R!WSmHUSffiffi1i381t3tSl relative humidity IffTlH 50% 1 
Brason ![mBnBf9mn9BtiBltiI|rnHM|]mU shrinkage strain tfiHaRHBBtiintlJM{jnU 
wnsimMinjiHmmirnMMtiflii ( h = 40% > : 

a a n 

• M|jnu moist-cured concrete ISlttlKIClEU t ijTntll 7 tts 

£ sh.i = + f { £ sh,u) (2-15) 

tuCU Sc HlJ =800-1 0 -6 mm / mm TUMBtmHmB9BBmniamiBI9IB'18 

0/7 , LI Li ct ct 

• fdTHltj steam-cured concrete USltinHlffi lttitsl 3 Its 

Li <* ] v v 

e SH,t = 55 + ; ( £ sh.u ) (2.16) 

rdTHiutunstuitTRintijngthirda^iJ inrKiHaimHHiminnTHiigliWMHfni 2.15 sti 2.16 

U 8 a U a an Uu i n i Liu 

SQ8im[rnH: 

• Nflnu 40% < H < 80% £ 5// =1.40-0.010// (2.17a) 

• Mflnu 80% < H < 100% k SH = 3.00 - 0.30 H (2. 17b) 


iQ.e). tt3f1HSXHSt‘[tJnt3‘[| s nr3 Nonprestressing Reinforcement 

ItJnnTStinHSTlMTHlUIUltaiHHIB bar, wire Sti welded wire fabric ItdCUfTTSif IjlStlCUfi 

Li ^t. Li 1 U Liu 

UJimitninsnH ASTM standard 1 Himm:MBia9IUMIlJnnTSi3IHH1B: 

8 L| u 


a. HgWIH9pMts UHgWfflia (Young’s modulus) E s 


b. IIMMatmtll (yield strength) f y 

c. nfdbJtt8fdtJl|Fi (ultimate strength) f u 

d. Steel grade designation 

e. 9tn SDHDfiBfiJ'LJfj bar U wire 

n is- -o 

iBHtuiSBmnMHifiaiiJR aaiuna iHtsiBtiwmiJmiJtintiitiitiiTiaiisifniiffitTiitiiuMiiJR 

e-J n h i -o u s i -o <* 


luimiiJnmaiBisTRitsiaimuTltsi deformed bar titmtti cm alna ms b.®Ei i tsif tixit tJftJicunira CTI 

Liu u in cj a -o-o 

IBSTRiummninSim ASTM Specification A616-76 tBmSOElJfiTlElKjl deformed bar 1 

Liu -0 8 3 1 Wum 


aim: Stimnstitnmrmtirma 

f> U Gt (U Li I Li 
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Figure 2.1 5 Various forms of ASTM-approved deformed bars. 

JUS to.9e) UjJimrnSJIfflti stress-strain WfjnmtiR grade 40 , 60 Sf3 80 ItlEUtflS yield 
strength 216MPa , AUMPa St3 55 \ MPa njtifp Sti^SlSlHISGEUlG yield GJlfdOJlfih fdfH'm 
itimtiEUHSHISGlUlts yield tsTlfjEinfj ttTR tin K til fifilHITJW yield strength tfinMMiaitiWTHfmBti 
m[HU[HflintKGjU 0.005 fdfHimtifi grade 40 , 60 IUim 0.0035 M^nti grade 80 1 HMMia 
S1fflt3i31{fTltiJ (ultimate tensile strength) t tj ETU ■[?! I ?TI S tH tj n grade 40 . 60 StS 80 Pi 483 MPa , 
621 MPa sti 690 MPa uftisn i nnfiBuJnsMBfninBiBlniatnnia la.m i mnirawiistiimBiintii 
tiiBitiwiraratmgltnH grade rafjttin HtinSmtin mubihuHh mhibIbib'i* 4.5% isii2% 

U by n is- l «>- eu 

IWJUtftitfin 20cm 1 



Figure 2.16 Typical stress-strain diagrams for various nonprestressing steels. 
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mnmrtnrj welded wire fabric tnsmSig1t3tiht381t3rdTH1UnTHlClJ8[ld itflffifiriJfnntflffi 

Li Li vJ m Li Li a 

TfdtumifriJmgTti fnn?njTfn3riClJimtlR StifTinMramitnSEU I Fabric reinforcement Tfiftns 

Li tj ct vJ Li Li ] H Liu 

d deformed wire itiniifimisfoimam iififfiTRltnstanjfntjfnTRams^tlnjmfi 

-\A ct ct Liu O u>- Ct Li cu 

m 1 ffinti l£).&! iri3imnnJR[Ui:GJnbinT?ifi3Ttntj standard wire reinforcement SS 1 

c* ui m a u U su 

fdTBIt) mild steel fnmraS fTlJmfTlJrafjflTRltnSfdSfitjl IHgrifdtnfots StiHlSHSEU 

U Li c? Liu '■'*> vJ n Ell U T 

mgj1MtSIMSi3 200x10 3 MPa 1 ffinti lo.tn UiJICTin reinforcement grade Si3 strength Stifflifo 
to. 6 Fi3ininnjri[fo:GJ[iFHiTmssiritt3it35rafjitlR i 

in "\a 8 Li O 


fflTltJ &/77 reinforcement grade and strength 


1982 standard type 

QtfotsffilEUmmjJHl TJnfofdifffilEU 

i e-J -v* i n 

fy 

nMfdifSfdta f' 

inn i J M 


(psi) 

(MPa) 

(psi) 

(MPa) 

Billet steel (A615) 





Grade (40) 

40000 

276 

70000 

483 

Grade (60) 

60000 

345 

90000 

621 

Axle steel (A617) 





Grade (40) 

40000 

276 

70000 

483 

Grade (60) 

60000 

345 

90000 

621 

Low-alloy steel (A706) 





Grade (60) 

60000 

345 

80000 

551 

Deformed wire 





Reinforced 

75000 

517 

85000 

586 

Fabric 

70000 

483 

80000 

551 

Smooth wire 





Reinforced 

70000 

483 

80000 

551 

Fabric 

65000 U 56000 

448 !J 386 

M 

75000 

4170000 

'Ok 

517 U 483 

'Ok 


mwf: stimnsfimtifrufitirmti 

f> U Gt (U Li I Li 
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mntito.dms rnsmta sammmrarj bar 

«/ u w * Li 


Bar designation 
number 

9HBR!3Hml]RRlTmJti 

c* x) n Li 

[plf(kg / m)] 

Standard nominal dimensions 

HUfiBR d h 

n i9- v 

[in.(mm)\ 

|R9JlltiH8R1R 
A b in' (mm 2 ) 

tmnfR 

[in. (mm)] 

3 

0.376 (0.56) 

0.375 (9) 

0.11 (71) 

1.178 (30) 

4 

0.668 (0.99) 

0.500(13) 

0.20 (129) 

1.571 (40) 

5 

1.043 (1.55) 

0.625 (16) 

0.31 (200) 

1.963 (50) 

6 

1.502 (2.23) 

0.750(19) 

0.44 (284) 

2.356 (60) 

7 

2.044 (3.04) 

0.875 (22) 

0.60 (387) 

2.749 (70) 

8 

2.670 (3.97) 

1.000 (25) 

0.79 (510) 

3.142 (80) 

9 

3.400 (5.06) 

1.128 (28) 

1.00 (645) 

3.544 (90) 

10 

4.303 (6.40) 

1.270 (31) 

1.27 (819) 

3.990(101) 

11 

5.313 (7.91) 

1.410(33) 

1.56(1006) 

4.430(113) 

14 

7.65 (11.38) 

1.693 (43) 

2.25 (1452) 

5.32 (135) 

18 

13.60 (20.24) 

2.257 (56) 

4.00 (2581) 

7.09(180) 


l9.nl. !flm|Ufyti|tnti (Prestressing Reinforcement) 

1a.Cll.fi. tmfigttimftfflfclftnti Type of Reinforcement 

itfimrmimitflflfltiltfimMlI shrinkage Si3 creep 8WI3lfii3ItJfiti imnt399tURtni3ITTI- 

L n ct i u cu U 

nartnaTUMgmmi^mittriiJmiMMfisMiiJtiitnawMMfintiia uiw 2 ioksi(\% 62 MPa) i farm- 

1 Li Li e» U inn in \ / 

MMtinrauiasHiBgugwatifnitnRntiial^niraRa aamaniartnaMtiiTRUTmBiBHTtnmaiRHia 

in 1^1 i Li LiUwtjiu 

ITtlRartnailJtllTRimn SlJ1tSf1UrifiiJi3Ri3T?fli3tiH?riMRiSlljiS1i 35ksi(24\MPa) I9l 60 ksi 

Li l Li Lrjj ] u «» tv tu V / 

UuMPa) i iJtilBjRtnaiTURaTRiafinaRitnBgtfin itinihimsltnsis i80fai(i24iMPa) isl 

22Qksi(\ 5 1 1 MPa) 1 

lt3m|URi3{sflt3HlQHlSS{Hi3til single wire, strand iutUia)iSji3iulfII wire tflI|t3BIHHJBHJ 
RlTJlSfitnBtjl single element Bi3 high-strength bar 1 

a. Uncoated stress-relieved or low-relaxation wire 1 

b. Uncoated stress-relieved strand and low-relaxation strand 1 

c. Uncoated high-strength steel bar 1 

Straightened wire U tempered wire Util CTI Si relaxation loss Scdtj'lti stress-relieved wire II 
strand 1 
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iD.CtS. Stress-Relieved and Low-Relaxation Wires and Strand 


Stress-relieved wire RtflfTIJUlR single wire jtitjTfiiultlJitTlJnfilH ASTM standard A421 
ft stress-relieved strand IffUnfflH ASTM standard A416 1 Strand TRltnStsftJfntsCTin wire 7 

Lju -o 

iuCU wire 6 ilHUlfiJlTl wire TRft 1 iStdHISStjifttJlftUSQ 1 IfftS stress-relieve tTfnmintllta 

1 W 1 -o Li <n C 7 U 

m) wire Jts 1 WmmrninjitnTRIUM wire Sft strand IlJtllBIHmmJim ASTM TflftnBIinmialRti 

1 U 3 U L»u Ct 

tnnft to. & sftmnft lft.nl njiagn i 

l3HTUlSaTR9ritti!lJniUM 7 wire-strand fiiTHTii nominal diameter , IRHIBUlfl standard 

E-J n Li vJ Li V 

wire iummftmtil compacted strand tiBTJilimialntilTJg 1ft. 9ri (b) 1 JUS Ift.Sri (a) Uftimn 

e-J n A v in a 5 j v in ^ 

standard 7 wire strand 1 ASTM standard A779 THfffimMWij BawnnJKHUTmtntiBTJiJlITlial 

Lru i n a eJ v in 


la.ca i 


Table 2.6 Wire for Prestressed Concrete 


Nominal 
diameter (in.) 

Min. tensile strength 
(psi) 

Min. stress at 1% 
extension (psi) 

Type BA 

Type WA 

Type BA 

Type WA 

0.192 


250,000 


212,500 

0.196 

240,000 

250,000 

204,000 

212,500 

0.250 

240,000 

240,000 

204,000 

204,000 

0.276 

235,000 

235,000 

199,750 

199,750 

Source: Post-Tensioning Institute 




Table 2.7 Seven-Wire Standard Strand for Prestressed Concrete 


Nominal Breaking strength 

Nominal steel 

Nominal weight 

Minimum load 

diameter of 

of strand 

area of strand 

of strands 

at 1% extension 

strand (in.) 

(min. lb) 

(sq in.) 

(lb per 1000 ft)* 

(lb) 

GRADE 250 

1(0.250) 

9,000 

0.036 

122 

7,650 

1% (0.313) 

14,500 

0.058 

197 

12300 

i (0.375) 

20,000 

0.080 

272 

17,000 

£(0.438 

27,000 

0.108 

367 

23,000 

j (0.500) 

36,000 

0.144 

490 

30,600 

1(0.600) 

54,000 

0.216 

737 

45,900 

GRADE 270 

1(0.375) 

23,000 

0.085 

290 

19,550 

£(0.438) 

31,000 

0.115 

390 

26,350 

1(0.500) 

41,300 

0.153 

520 

35,100 

1(0.600) 

58,600 

0.217 

740 

49,800 


*100,000 psi = 689.5 MPa 

0.1 in. = 2.54 mm; 1 in. 2 = 645 mm 2 

weight; mult, by 1.49 to obtain weight in kg per 1,000 m. 

1,000 lb = 4,448 Newton 

Source: Post-Tensioning Institute 
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Table 2.8 Seven-Wire Compacted Strand for Prestressed Concrete [ASTM A779] 


Nominal 
diameter (in.) 

Nominal 

Breaking strength 
of strand (min. lb)* 

Nominal 
steel area 
(in. 2 ) 

Nominal weight 
of strand 
(per 1,000 ft-lb) 

i 

47,000 

0.174 

600 

0.6 

67,440 

0.256 

873 

0.7 

85,430 

0.346 

1176 


*1000 lb = 4,448 Newton 

Grade 270; f pu = 270,000 psi ult. strength (1,862 MPa) 
1 in. = 25.4 mm; 1 in. 2 = 645 mm 2 




(a) lb) 

Figure 2.17 Standard and compacted 7-wire prestressing strands, (a) Standard 
strand section, (b) Compacted strand section. 


ms ta.9Ca (a) UtiirnntimmH stress-strain MTHimtifilTTIfitiTmti wire Si 3 strand 1 

V x in -o e_J Li Li Li i Li 

am g b.©cs (b) uinrnnntHiTutuitituifiiaiiJRiTunaTma BtiitinnHm i 

V in ^ tu u J LJ U 1 Li va> 


feJ.Cil.fi. High-Tensile Strength Prestressing Bars 

High-tensile-strength alloy steel bar 1J deformed iUlffi 

Hit? HIS nominal diameter Cl jin.(l9mm) tsl I | in. {35mm) 1 fljjh'iimJCimB ASTM standard 
A722 1 mitnHfntfiRmBt0UlSB yield strength Si3 ductility JUflifl 1 tfi99CUtflB stress relieve 
ufimfnitinmtfl bar ti strand irmHMHimfTinMHTMU uJciitfisislufriH 500° c i ttJmruna 

1 -\A U ] in U V U Li l 

TtnaTRiHianMMtigitTltffiaHti 150te(l034MPa) frlHffiSti yield strength HUTUIHIIM 80% 

U Lru in-o v / u J 

IS ultimate strength smooth bar Sid 80% deformed bar 1 

mnti to.d prestressing bar IwCUSlHSinuim ASTM 

standard A722 St3JUS b.9Ca Ui31CTinSnTmHni3TSfli3-mfHUTHClJni3mtURJfi!THlU bar IBS *1 

1 ) in -o U U 1 U U Uu U V Li 


a/m: stimnsnmmrufitirmti 

SI U e* (U Li I Li 
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Figure 2.1 8a Stress-strain diagram for prestressing steel. 



Figure 2.18(b) Stress-Strain Diagram for Prestressing Steel Strands in Compari- 
son with Mild Steel Bar Reinforcement. 
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Table 2.9 Steel Bars for Prestressed Concrete 


Bar type* 

Nominal 
diameter (in.) 

Nominal 
steel area (in. 2 ) 

Smooth Alloy 

0.750 

0.442 

Steel Grade 

0.875 

0.601 

145 or 160 

1.000 

0.785 

(ASTM A722) 

1.125 

0.994 


1.250 

1.227 


1.375 

1.485 

Deformed 

0.625 

0.280 

Bars 

1.000 

0.852 


1.250 

1.295 


*Grade 145; f pu = 145,000 psi (1,000 MPa) 
Grade 160: f pu = 160,000 psi (1,103 MPa) 

1 in. = 25.4 mm; 1 in. 2 = 645 mm 2 


to.rttU. Steel Relaxation 

Steel relaxation I3lnl3!lJmTURl3Tml3^RtmHUiaiTTIRl3TmaiBlintlItlJtlI wire U strand 

ct Lj l Li Li i Li -\a 

racmHsamtHUTHtijnamtmtiJ i litiGfnsti creep tainaranti iRfisMtnrnti creep tlimra 

U U Utj U y c* 1 ot ] ] c* Li 1 Li 

U[H flits strain U steel relaxation til RUTI nt3 ^fnt3 J Ufijt £3 n 1 IfifflBnimfiRUnfiUitttflHJrmJ 
relaxation tslfiti stress-relieved wires SU strand I|fTiminWIl3I|URl3|ml3IlJimMHrriI8ia 


¥r=L 


log t 


pi 


10 




X 


pi 


/, 


-0.55 


yj py 


y 


(2.18) 


fitifiJfUUijflJ f pi I fpy > 0.55 Si3 fpy = 0.85 f pu stress-relieved strands St3 f py = 

0.90 f pu M|tIlU low-relaxation strand 1 ttlltiJ f pi = 0.82 f py mHSItfTimintmtil mg f pi < 
0.74 f pu M [Hd lJ pre-tensioned concrete Si3 / ■ = 0.70 f pu fd(HlU post-tensioned concrete 1 til 
9tSl f pi = 0.70 f pu 1 

IRintifnnUBmntmRuSuJimtini stress relaxation UfmmnHJ strand ItiBiRtiTRltifluti 

y i U y 

rafjfltMSti 70% 13 ultimate strength ItIfiifltalMR[Ulfnn 20° C tsl 100° C MTHlUimrintU 

1 in Li 


aim: Stimnstitnmrmtirma 

f> U Gt (U Li I Li 
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ItJnimitiianaimniunjiiauiSntmBtiiHHBiTam iflwSiimirnnasrRftnaiminminiristsi 

VC* n V I51 Lru ^ 

stabilization 1 RtJTlfitJi3ntJRl3T?fll3iu1tIJfirii stress relaxation Jtlfj low-relaxation steel JfJSiJ 

Li 1 Li ^t. 

25% ISniJTl?itJx3t^fin3][?na3ttj1EIJFJn J stress relaxation JtJfj stress-relieves steel 1 

grJHfin J relaxation iSl nli low-relaxation prestressing steel Pi 


4 f R =f 


log t 


pi 


45 


f, 


pi 


V f py 


-0.55 


(2.19) 


J 


JUS 10.9^ TJttl [Tin relaxation loss fJTHlU stress-relieved steel Si3 low-relaxation steel filTHIU 

1) in "\a Li Li 

7-wire strands IlJtmRHHIBIWTtlliai^IialMHimmn 29.5°C 1 

U ] in 



Figure 2.19 Relaxation loss vs. time for stress-relieved low-relaxation prestress- 
ing steels at 70 percent of the ultimate. (Courtesy, Post-Tensioning Institute.) 


la.ri.ti. fits* Btimi§Bmnrofiffflmitj?jtittnti 

(Corrosion and Deterioration of Strands) 

mimimiTumi3Bi3!n38MitJmniRi3TsniatnBtmi:MBiB^i3MTHiuni[m!tJni3Hfn ttfim 

Li Li ] Li ] Li Li 

imi!miMMtiiuMHi3nraHi3iTURi3Tsni3tiiHBnHBBi3Rtni3tniRi3Tsna umnem^jufj 

in n 1 U 1 U 1 eu Li 1 Li -Ot U vJ 

prestressing tendon 1 mJmUUSm{RSJlt^t3m|URt3^l3tSmU[UllfUHRnl(QgSt3mRUSm 
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nominal moment strength raMHSmmpRtitmtimaaiti 

UtiHSfflffi 1 MTHTO pre-tensioned member mifTlimi!ni*RtiWlflimiunl3IlJtlItlB5![Tl tendon 1 

n i l U a U n i e> l m 

M|jnn post-tensioned member IRH1B99WtnBrnifnimi?|B«I^mfniUinni grout tSlntiUHta 
(duct) iimminnnSiiuRaimaitiim nuJimmitinuituti (greasing) i 

gtHtilBfTUSBSlRHjiaigjRIUM wire tJ strand R stress corrosion i£3tU|R!tnSR[Ulfi 
tUR[in:tEJltUmmt§msfms microscopic crack IBlRiattiRUJnjmiHimitiRHIBmnTMm StiTMEU 

8 n vJ A ct Li tj Li tj 

1 

tins i RiiRiRnBmiiMNtiraingiBsmBiRfimBifiirmHRtiTflitiSMUtifi ?RfiHsmmsTt3mnrmu 

e^inU Li 1 Li n 1 vJ-o-o 

t9 luimiRRntnRBaRiitTiifinjnMiiJi i 

Iq.cj. RttTfntSHscrnRHfiuitriJUM aci tslmararria atiffln 

I Li i nj a , 

(ACI Maximum Permissible Stresses in Concrete and Reinforcement) 

8iaiTRiHia*^BHRMrmMBiB5iiJnnt5i3Bi3tratTiRrmu 

Li n m Li -o 

f py = yield strength JUfd tendon tft!Rr3(R1i3 
f y =yield strength tUfifttiRGHRI 

f pu =IIMMti91ITl (tensile strength) JTJM tendon I|URl3|ml3 
f' = IIWWtaWtifllUMIUfiti 

J l inn l 

f' r : = WMMtiMl3RIUftitURl3iai8[m:ll3ITURl3THil3fiul3 

J Cl inn i U i U v 

la.Clfi. fitiptnufiiatticijnjfiljcifi (Concrete Stresses in Flexure) 

RtiTRititaiRfimBmHsiBlfitirafititTRiminwitinraRiaTfiiti < HsmmRummnmtnti 

1 Li (u ct ] Lj Li i Li i Li i Li 

1 

HlTMffiSmnCU) HBfiJBtjltifitHBltilTR'lH: 

U u m Li 

1. Rl3|Ril3MnM81l3I|rdUtiRIl3RlIMaR 0.60 f' ci 

2. Rl3|mtJMItM81l3I|fTlUtiRIl3R1igin] IttfRltlltiBIUlB 3 3^[ff psi(o.25^]JfMPa) 

3. Ht3X|flt3FJ?tfJS1t3t)lTiUtlHJt3mjgini^Rt3i3t3JtJraHaeiSJrLriHeTl 6 Jffpsi 

TUMBraRaTHiiagirnliJniRimBItnBRtHBtiiaRtHmaiW URTRftflR bonded auxiliary reinforce- 
ment (nonprestressed U prestressed) IBlRl3RUB91[Tll3tfTRlimiRHil39imMIUiaiRl3raRl3!lJtlI 

1 M 1 ' ct -OE.J CU *N9 I <=* I 

tRftnBR[mBllflimi|UH8R1RHRItn8MBR 1 


turn: sitmnsnwtitrmitrmti 

tO Li cl ru U i Lj 
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narmaialnaraHaiTfTiHHiriiBuamnfTii (umunnimnutiiruRarsnamaHM) hsriis 

1 Lj ot i Li & c> LijLi u 

tiiamHaiaumH: 

cu Li 

1. Rarml3MIIMBli3ITrTlUtiHIi3miMi3mi^mWlIRH1l3ITURl3TSnl3 BtiUBRITsI ....0.45/'. 

2. Rl3TRil3MIIM81tinRlUtiRItiRlIMaRUJimftmRHiaiTaRl3THia BtiTJBRMJU...0.60/V 

l U U i n cu Li i Lj i j k. 

3. RatHiaMIIM81tinRintiRIi3RlimiTlIBiRl3RUBiaRligiITl!lJtlIIl3RlIMl3R 

1 Li Li 1 -o Ct n 

^ 6jf\psi(0.5jf^MPa) 

4. Rarflil3MIIM81i3nRintiRIi3Rligi[TlIBiRaRnBIl3RUffim!lJtlIIi3RlIMaRfiul3IUMHl3R 

i Li Ui nun 

(iWRfwtiranBRrmw8[mni9M) ItJtiiRifJfliRtumwHS RiRtTtmtfimRiJuta 

u o u a i u 

(transformed cracked section) BtilBllWgBlfigBtifi'lEltflTJ 

tfiufnH9 Btimntfimmrinnjtfti iRunfl'iHRTHfRWTJM aci BtiRTHfRiJRTtnwiuRti 

cu Uu Uu u 1 

mrmmujujHi nfj ~ c psi 

lQ.Ca.8. nti|tnti!l3m|Tintittnti (Prestressing Steel Stresses) 

RtitflltiffimiBlRla tendon tTURl3THil3HBTRil3till3Rl3TH1l3: 

1 U -o ct U i U L»u i U 

1. ttjfbRflJTIClIHRCI tendon jacking force 0.94 f py 

mBHBTRfntiiaRtHllJtlIRtitiiatRRaBUiniH 0.80/, BtifitHHRTJItmtitlJ 

1 n Lry cu V Ct J 1-fU cu 

ItinSIltiimHRtafijfi tendon Si3 anchorage 19 1 

2. mH9i;{jTimi;nthnmm|URi3{mi3[RJtnsi;^ 0.82 f py 

maHBtRfntiia o.i4f pu 

3. Post-tensioning tendons, tSlfRvi anchorage Sid coupler, tfjTItUEl tendon anchorage 

0.70 f pu 

ntirrfitiHamiHHnminraM aashto talntitmrta Stiffln 

1 U 1 MJ c» 1 

AASHTO Maximum Permissible Stresses in Concrete and Reinforcement 

lo.d.fi. fllattnmURlJSSntmRUStlJltllfiJlJ creep 313 shrinkage 
Concrete Stresses before Creep and Shrinkage Losses 


Rmmtifdtiri 

i U n 

Pre-tensioned members 0.60 f' ci 

Post-tensioned members 0.55 f' ci 
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nmtntimm 

1 U 'O 

RUBBimtinJItiRtiTRItiMtiRfluti HBHIBRiaTRItiHBrrTIRUinJTKinWB 

-o i U n 7J i U i m n <* 

niriHmTRftnBRimn 

u L JU 


igmtijaigjn 

lalnanuBmmiJniHBinBituiiJnnHin 200 psi ti 3 ^f~psi 

IBlinWIlJWRaTfnamrnilJWtnBrifniRimBfintiiamHIBS IRTRftflR bonded reinforce- 

1 Li 'O SU Uu 

ment iBHTmimiRinaffitTiMiuiBlnaraRaiiJtiiRimBiiiJimntiHSfTiRHRirasMBR 1 nmmtimm 

E*J m -o ] ct 1 Li 1 Lj ~t> 1 Lj -o 

1 

HRUJtntJBtRiBtjHa 7.5^//^ psi(o. 623 Jff MPa) 


to.&s. RtJTtnmuRmTrnHHtritjamGmnTfnmntrnRu^ 

1 U | U <s* & U 

Concrete Stresses at Service Load after Losses 

RtittntiWtiR 0.40/ ' c 

Rl3TFni3SiniiSiRi3RtJSSinituCUii3Ri3TFni3fdi3fiutJi3 

i U -nj ct i U n v 

1. EiJ|tnUHtiRtt3tUt|U bonded reinforcement 6 yjf ' c psi{p.5yjf' c MPa ) 

MTtnutiinsniiiiJtiiinBiSlinmtnBiTBSMilJnnBij tiBtfiiBlRTJBiaiMHTB 

Li 3 3 O u 1 «✓ t/ y ct | L 

3v7 \;PSi 

2. MtjnUHamiJtllHBtnB bonded reinforcement 0 

RatRiamniiBlnaRiBaitiiaiBtRTRitnBniinRiiJimRaTRiaHBtTTiRiiJtiinniimal 

1 U -Vi C* OJ O U Lry l U l no 

RtiitaR tf.R 1 

ct ct 

1. ntifiniKips Cracking Stresses 

MUnuraRtigHBBHRl 7.5^ffpsi(o.623^f\.MPa) 

M|tnnraRtiBHB|jmniltJWtiWRC18pB 63-^ c psi{^.523^J\.MPa) 

MttnuraRtiBHB|jmtlItJlBigjR 5.5./// psi(()A51 Jf\ : MPa) 

2. Anchorage-Bearing Stresses 

Post-tensioned anchorage i]jTIHHintJSRiGfT1i 3000 psi(2 1 MPa) 

(UIBHBfRfBtflti 0.90/fo) 


aim: Stimnsfimmrmtirmti 

f> U Gt (U Li I Li 
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to.g.fi. Prestressing Steel Stresses 


1. Uti&UUtUll&Un tendon jacking force 0.94 f py < 0.80 f pu 

2 . o.S2f py <0J4f pu 


3. Post-tensioning tendons JSljfivi anchorage. anchor tendon JTIH9 0.7 / 

f py ~ 0-85 ( Edjtmj low-relaxation f py = 0.90 f pu ) 

tendon totnailMMtiffini 270ks7 HIS f pi islinwitil =0.70x270 
= mksi(l300MPa) 1 


ID.&1SJ. Relative Humidity Values 

JUS lo.loo UUlCTlBiRtH relative humidity HUTHTUITIJSiriJTHlUUUSSIlaHfjtSlfdUlJtl 

V in-o7J£u J eJ U ct u ct 

itfimfiRtjifnnim jBHjj^urdjjHiuutiosintmuum^iturjiJfriJJHHi^Jurjrauta ^ 



Figure 2.20 Mean annual relative humidity. ( Courtesy , Prestressed Concrete Institute.) 
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te).90. Sta Anchorages 


Prestressing Systems and Anchorages 


tei.90.fi. mJHSffififcrtftigiCTltjlES Pretensioning 

i n 1 u m i ° 


fdjwj pretensioned beam anchorage 

HSSi3ra?ii3|R!tnSijlfi 1 Anchorage bulkhead cntiti Si3H1SiMifnn^HjStisCU 

Si3RH1i3ffi1i3Git3tUHSfms1iW tendon SHffi9 1 tm?ii3i?iHS!?iRi3T?fli3Sinitj1HSiSlini3QTfit3Wfi 

iu in u l n l U ~o l U 

it3lffifmi!lT?i!friiRTHinjra?ii3mnHSli3tri tflHffiSti anchor bulkhead TJtfnfimsI 

U U n vJ Lry U 1 1 U "vl UA 

1 

t5i3fi3l381i3 1 mmt?HS!?nmm3T?fims1lW strand Hi3HtU9 UHtimtiHfdRmn Wifi Hijacking 

i i n U i U nw^in c* u J ^ 

operation 1 



Strand chuck 


^ £ strand 


Center hole 
hydraulic jack 



Strand chuck 


Strand chuck 


Hold-down 

anchors 


Harped strand 
group 


Figure 2.21 Hold-down anchor for harping pretensioning tendons. {Courtesy. 
Post-Tensioning Institute.) 


mm: stimnsftmmrufitifmti 

f> U e=r (U Li l Li 
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fdTHTO harped tendon profiles tmnjqtjnmn hold-down JUS b.b® 1 ttJlKJ 

U A A U y in vet y 

WlIRIjntlJinBplialiainjntStiWH prestressed element tnBIJpBfititntlJinHm ttiltmtimfUfttl 
Trnl3iE3wis1m^§Ht3R9imsigHiQTRJijismms1i;ncijra?il3Hisuwrdl3muTms e i ras Iq.IqIq 

U mn Uy 1 i n U U y 

nuunn schema Rhfrmfe prestressed element iraSlWRTHlCUlRHffi 1 luimiTJB iQ.lQCTl 

in -o c* ± U U u y 

Ulanmn tendon IlJtU harp IBlntinjnBfiTmWMTinminjn prestressed element 1 

in ~o •*- ot Li c» Li Li ± 



Prestressing Precast 

bed slob concrete element 


Figure 2.22 Schematic of pretensioning bed. 



Figure 2.23 Harping of tendons in a prestressing bed system. 
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IBlnamiHaiHfitiTtntitjlHB strand Si3 single wire TfiftilB anchor itfimransfrlUGStiti 

ct 1 n 1 U 1 0 Lru u c3 U U 

uiiuniBinaiuB to.locJ *i ras ta.taES sti to. fas uinrnfininBRTtnwMTHiutitiiHpiestressed 

in ~v> y 7 J in-oUe»U U A 

element IuimiRmTtJftMTH1UmiHBfmniRl3Tmi3tilITmm “1 ItfimiUB b.bri BlMSfiMTHlU 

Li Li ] ci Li ] Li Li tj Li 

{tinsisg i 



(a) Strand anchor. ' (b) Monostrand anchor. 



Figure 2.24 (a) Stress Strand Anchor, (b) Monostrand anchor, (c) Supreme 
Products anchorage chuck. ( Courtesy , Post-Tensioning Institute.) 


Mtnr: stirmsfffrimmtirmti 

f> U Gt (U Li I Li 
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Figure 2.24 {continued) Multiple anchorages, couplers and ductile connectors (Courtesy Dy- 
widag Sysems International): (d) Multiple anchorage, (e) Coupler, (f) Dywidag ductile connectors 
(DDC) for ductile precast beam-column connections in seismic zones. See also details in Figures 
13.9 and 13.10. 
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Figure 2.25 Prestress tensioning arrangement (Nawy et al.). 



Figure 2.26 Intermediate connections between frames of the prestressing sys 
tern for continuous beams (Nawy et al.). 


mwc stimnsfimtifrufitirmti 

f> U Gt (U Li I Li 
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(a) 




( ref j _ . i \ 






A-A 


Figure 2.27 Dimensioning details of the pretensioning or post-tensioning labora- 
tory system used for research at Rutgers (Navvy et al ). 
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19.90. 8. fnmaffifJt3t?n43mn]tj1ttfritIJ (Post-Tensioning) 

ISlRtiRjilB post-tensioning IfiHBffiRtiTflitimrnig1ll5 strand, wire TJ bar- ITRimiElUJ 
ranannia stiHisu^hyaymyns i mtfm strand tslntiunta (duct) IStd^ftnsmrjmsIna 
Htifirafftl 1 RHii3ITtIRi3TSni3THitnBltiimHim: end anchorage titjtfl Supreme Product chuck 
itJCUTRltnSiJainiiSlRtiraS b.btJ 1 UjRITTJRtiTflllaHBTRftnB bonded U grouted HSStiHSlR 

Uu in -na ct u U i U Liu i in 

l 

RtrimruRarfrims i 

CU Li 1 Li 


l9.90.fi. Jacking System 

Jacking system tjJfdHJfiJinRHffitiiritnijHffitS prestressing operation itflffiHSfRRHJti 
nURt3TfnalE3WTRj^ns1^mmni3Tma t l RtntilTURtiTfiltiTfiftnBHBiflfl'lHim: hydraulic jack 
it3CUH1SRH1l3 lOf Iffl 20f B 13 stroke H 6m.(l 5cm) tsl 48m.(l 20cm) HljldtUSrJRIJHSjR post- 
tensioning tJ pretensioning Bi3Hl|MmBi3RlIHBiRRmi3t|URl3|ini3I9llWIlJRI|URl3ttnl3Hi3Hm 
tJHtimtdHfj 1 tR|RfRUlarge-capacity jack itiEUtflS stroke ffilRRU Win. (762mm) M|tnURlI 
HSjRRH1t3UURl3Tfnms1i;iSISmmRaTffll3Ht3mt3Hrj t l RIHMTtnURlIi3flIIUUIB*nRtilItstili3RlI 

1 n cu Li 1 Li Li l Li n CU U 6U 

HBiRRtnainjRi3TH1i3IBlltij tendon HhHffi 1 JUS to.lOCa UttlCTin double acting hydraulic jack 

l n cu Li i Li nwu in o j j 

MTHliimm (jack) IljRinjRi3Ttnl3Ha9il3HMRl3intlJtilHmRl 1 

Li -o v ' U 1 Li n <=* u & 



Figure 2.28 A double acting hydraulic jack with a load cell 


turn: stimnsfimmrmtifmti 

rt U & eu U / U 
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I9.90.1U. Grouting of Post-Tensioned Tendons 

iBHTtiwtiiHBiramairnirnitTii post-tensioned steel gaiBHTuiSnfnnMHifiaiiJmTURa 

wn [on 1 eJ n h U i 

TPnt 3 duct IRTRiUintTl prestressing duct iSltUtnniumtlJ cement grout 1 

1. Grouting material 

A. Portland Cement fdHl 3 Rnn 9 JS‘[Rli:?iifTlJn?TlH specification ASTM C 150 
Type I, II BtJ III 1 MHl 3 RtlJtlII|UMtjnU grouting {jnlHISfihhfnntyBSiil 
HTtflRRHl 

1 Li 

b. br: smE3tm|urii{Hiu grout inilntiismiJtiiintiSRtna wifi BtiHBtnBMiiB'iR 
iflniHiBtijRBntiiHBWiJtiiMHanfiiiaTB BtaitiRiTtiRtiTRiti i 

O HI vJ U 1 Ll 

c. Bfitiimh rawsnnmmsntfiem fiTRitiWBfnimmrmmimBnmn. good flow, 

c* U Li c* Liu Cl V 8 ° 

minim um bleed BtJ expansion 1 flHBtnBtmitnRRHIlJtlltiSfiBnniHBtlllJtlitlJR 

1 1 d H 

immiTma UhJHtifi 1 BRtfiRHtotnBMUJMTtiRI (ItJtlJM'lIBIRRBti'lti 0.5% 

Li i Li -v» i ct u l u nj ltu 

tSSHSJdfjSRtflBH tSirafilBRBRtjiRH l/fe( 0 . 45 *g)nl 3 MHl 3 RHmtnf) IRHSTfif 
■smfjfumFJTtinmHJ fdcuffifdTtifdcutfi?! uwwmMTtiHiMRi iRHiBinfrHil 

U u l sJsu u i ui -\a u l v uo 

11 1 1 

mwmHmHRtimmimMHiHTninHm utmiaiRRHiJtBiBtRiiJtiiiRRriEiMB 

iSHjgscutns RifjRtngiuM grout ftmnnjri 5 % tsl 10% i 

2. Ducts 

A. Forming 

• Formed Ducts: nnfirRftnBUiSRiBTiaiifimMnRiiJtiiHBHBtTTiRiinmBR 

Lru n vJ i rn 

MHURQCUtnS 1 flTRittiIRl 3 TRil 3 MRlJBIlJtlITRfmi BWRliniaJTJWfllTRlHBHB 

1 V Lru & 1 Li h V Lry \J Li ts 

JTJMITJRti 1 Metallic sheath RJtfl ferrous metal tRflRinBtilTUinB 

1 W Li 

galvanized tltdltj? 1 

• Cored Ducts: untiiB*TRftnBtiWRi9Tl3iiJimHiBfnn9tmtii!iJtiiHBtitiirqu- 

Lry vJ v n 

HRtiWWUlJJTJM grout 1 

B. Grout Opening or Vents: unl 3 Sii 3 Hfj{?ili;fiHis grout opening isltstifiiti 
8113 1 fdfHIU draped cable Q[UlB 8 ri 3 B 1 t 3 Hrj[Rj?RH 1 S grout vent IWRlUJtitR 
RiBaniniiJtmnBmnniaRB iJBtiiiBlnaRTtnnisniitiiu i iRTRftfm grout vent u 

tu V V ot U 3 Lru C -VI 

drain hole ISlBnJlBSIUTUhJSra tendon TRitnBtTU tflRRtiTRIti StitnniumCU 

1 U Lru U 1 Li ~o IS- 
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grout tglntiMHimmntHTjm 1 Grout opening !J vent S1i3Hfj|RltnS^CUS!mi 
mitnifnmjijiranj grout i 

C. gtnuciil: {UWSimmfTJ tendon tafijiajtiltfim wire, bar tJ strand ifpS |R9J1 
itilUMUntitRflRinBBintffiaRtilMBlJ neat area mwftimTUfitiTtntinititi 1 

<in Lru '■*> U l Li 

MTHIUUntillJtlllTUtilHmaa wire, bar TJ strand iSItU HtinBmUMUni3Tttfl3tjlti 

Li Li u 7 -oi n IS- Lru 


normal diameter JTJfj wire, bar TJ strand 1 ! Ain. (f mm) 1 


D. Placement of Ducts: ^mtmntuuna tt 3 rr Informing fnftnBtfmBUMnttra 
tnTRirnRnBHTBfBtnaniMuntiiiJtiiintiSMaa i iRTflfmuuntiitJimRtinmjfl 

Liu Utj eJ v i m Lru w- 

WHiBHTttitMfiamitiiMgiuMuntiiaiinwtnmnRa i intnitiMtituiB mmtmti 

eJ U eu i Utj w i eJ m u 


mtiHMIlJWtnBIBlinrantiHaBtitiimuna *1 TRj]nf{TlU Grout opening Bti vent 
itfimMfnmniglBtiuriij smslnn utgluJmiHm i3HTmimimitiiMgntJH9Ti3 

l«v i n m ^ e-J njctvJ 

intutsimuna i 

i 


mm?: stimnsfftnmrmtiferiij 

f> U & eu U i U 
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Partial Loss of Prestress 

m.9. tetitifjifjH (Introduction) 

Ji^miriRiiJtiinHii3iTtiRaTmaiBH!iJtiiHainHmt3Hi3RraHi3innHii3affTiifTiHuamtii 

eu U i U in n i v ^ 

ususiunt3HSTmntiJTmuitiJtjiTtns3i‘i dotss inBntnBTHinimHRmaiTURarinai^TRufinjnR 

n<*ic*vJ Li Li ot y L/y cu Li i Li Li 

fncutsfnjj3iRtJSRSHffi9 inanSnmRmnniilninainiRaTsnaiBiraRa ifflfinjnRmtmniRarma 

& u cu u 1 Li 1 UiU 

tiiiresisfR iJtitiiiTmHtiinsniluamSmmnRiJtiitiinsim ultimate load i ramBraaranmimR 

UJw U a 3 <sj c* y as 

ustunHiatmmarmatiinnRHR: 

«n. su U i Li ui 

• mmfiHlttHBTlMBRlH9 (immediate elastic loss) RtitSlIJnRRltmitijfi lltiEUiHtflS 

vJ m ' ct i) 

i 

elastic shortening anchorage loss Sti RUT1 RUtSltfl BJ fiRJn HHilndfi 

(frictional loss) 1 

• RUnRUtim|Mmal3intlI (time-dependent loss) iufUB'lSuHtjl creep, shrinkage 
RtniRUl31t3lffifiriJfiSnCUrafjMfi[Ulfnn Sl3 steel relaxation. rajnBRimRRtiTifiTJij 

d 1 Lfl 

maiasnRaTsnaiaintiHanraRaiTURaTsnaiBiwiBfTinnnilRuamBrnn 

1 U cx n 1 U l Li o- & c? 

JiHalHB^mitiimiMwnaminimngtniuMntmRufimaiastnBtiiRtiTimB tfinifjfd 
rdTHiunurifiuaHiThJtusmntiJ iiJimtmifiHiTMmBaHRimto^umRnBmraitiMRRncTi i Ibr 

Li Li Li l 

[mRRUTlRUtiiraRl3Tflii3IlJimRlirilftIlBinBtlIR[m:8MRlIBlRlH code SmsifTIHfnnnflSI titstil 

Li 1 Li 8 1 ct V 

RlH^BIUtil!BJimBIURl3I|RRl3|fnl3 (Prestressed Concrete Institute), ACI-ASCE joit 
committee approach, AASHTO lump-sum approach, Comite Euro international du beton 
(CEB), Si3 FTP (Federation International de la Precontrainte) *1 RJofUtOn isl GSltliSSifl|fiitIJ 

BalBItJnilTSMUM BttlBllWRUmWTnHBBWIBRUHBffi 1 

u Li u l n 

IRHBTRiRlIRlIR[mRRimRUSlTTIRi3TH1l3!lJtlIinBrflRTUIMI8MIB ITtTlSIHRimtilllBB 

Liu Li l Li Li n Li l Li 

ti*RBntimWRlIR[UlRIB* 1 titslSS I3lRl3RUR[mBlIlJtlIH1BtlIR[m:MlIB*Wmfffa TJtTRlHUJRSim 
HRJH IRBmHI|URlIRnilRRtmRUtil|URl3|ml3RlH!BtitliyRMin (lump-sum approach) 1 Rinti 
CT1.9 UiJlRltlRintiMiamaRUTlRUtinURaTRiaflJtllRnilBIRlH AASTHO lump-sum loss Sti 
mnl3 m.ta WtjnURUfinJIBIRIH PTI (Post-Tensioning Institute) 1 fliHTJmEUtfIS elastic 
shortening, relaxation IBlRtiUjRIJURtitfnia. creep Bi3 shrinkage ItlimflHlBHBifltnBMtjnulfi 
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tiiRsniiuBRMtiifiiiiJtiiinwiitiswinaTa. curtsniimEUatiHEnttSciifnBmTmETnBnTnnnrnn i m 

8 3 1 vJ 3 3 1 Lnj U 1 Li 


Table 3.1 AASHTO Lump-Sum Losses 


Type of 

prestressing steel 

Total loss 

f' c = 4,000 psi 
(27.6 N/mm 2 ) 

f; = 5,000 psi 
(34.5 N/mm 2 ) 

Pretensioning strand 


45,000 psi (310 N/mm 2 ) 

Post-tensioning a wire or strand 

32,000 psi (221 N/mm 2 ) 

33,000 psi (228 N/mm 2 ) 

Bars 

22,000 psi (152 N/mm 2 ) 

23,000 psi (159 N/mm 2 ) 


“Losses due to friction are excluded. Such losses should be computed according to Section 6.5 of the 
AASHTO specifications. 


Table 3.2 Approximate Prestress Loss Values for Post-Tensioning 



Prestress loss, psi 

Post-tensioning tendon material 

Slabs 

Beams and joists 

Stress-relieved 270-K strand and stress- 
relieved 240-K wire 

30,000 (207 N/mm 2 ) 

35,000 (241 N/mm 2 ) 

Bar 

20,000 (138 N/mm 2 ) 

25,000 (172 N/mm 2 ) 

Low-relaxation 270-K strand 

15,000 (103 N/mm 2 ) 

20,000 (138 N/mm 2 ) 


Note: This table of approximate prestress losses was developed to provide a common post-tensioning in- 
dustry basis for determining tendon requirements on projects in which the magnitude of prestress losses 
is not specified by the designer. These loss values are based on use of normal-weight concrete and on av- 
erage values of concrete strength, prestress level, and exposure conditions. Actual values of tosses may 
vary significantly above or below the table values where the concrete is stressed at low strengths, where 
the concrete is highly prestressed, or in very dry or very wet exposure conditions. The table values do not 
include losses due to friction. 

Source: Post-Tensioning Institute. 

miMiauriTunniBRunHuiaiTURi3TsnaiJiisiifimi9TRrim stitanmwtsmnnmsTti 

8 Li Li ] Li vJ ot vJ 

lUMtnftnBiinmiBiRasnna m.m iticuHfjjJi HiBamtiiflyti (initial) stiHfyjj Hisratsitan 
mwiamitiinuBmtmm jacking i nmnaiBSRimnutiitunatinaMiutnftnBRnjiBiMunuHaH 
HBimtURtitmtitjlHB (pretensioned member) Bti HtinHBfmEJfititfntitfiipm (post- 
tensioned member) yGSlfcttjTTIH: 
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Table 3.3 Types of Prestress Loss 

Type of 
prestress loss 

Stage of occurrence 

Tendon stress loss 

Pretensioned 

members 

Post-tensioned 

members 

During time 
interval (t„ t t ) 

Total or 
during life 

Elastic shortening of 

At transfer 

At sequential 


A/pES 

concrete (ES) 


jacking 



Relaxation of tendons (R) 

Before and 





after transfer 

After transfer 

tj) 

A fpR 

Creep of concrete (CR) 

After transfer 

After transfer 

typcOi’ l j) 

&fpCR 

Shrinkage of concrete (SH) 

After transfer 

After transfer 

A/p/tf, ‘j) 

&fpSH 

Friction (F) 


At jacking 


Vrr 

Anchorage seating loss (A ) 


At transfer 


A/pa 

Total 

Life 

Life 

A/jf>rd» tj) 

A&r 


a. Pretensioned member 

A / p t = A/ p£5 + A f P R+ A f pCR + A f pSH (3.1a) 

tt3 tU Af pR =Af pR (t 0 , ) + A/ (t tr +t s ) 

tg = mratslttltu jacking 

t u . = inmialintiiitii 

t. = mtmsiintuRun?mi3Histusl3 

A 1 

titsiSS inTRiHBiHfnimmmMTHin steel relaxation MTH'lUJmilEltlJBlB'l* U tiCU u tB 

V Lju in U U m i z, 

tanmtuisrnr^inusmSRj^fmi gmuimfi fiirninmimtiimBiinm 18 * tiBiBMtrrtitnB t lr = 
t 2 =18 /? sti t 0 =t x =o i pMBSnmnmwiBmii^RUBRnmuMmBlBimsintmtii stimra 5§i 
(17520/?) tSIS t 2 = t s = 17520/? SH ^=18/? 1 US1UHR 

tJJMBItJ / pi sa f pJ til jacking stress tslRti tendon 

ISIS 

fpi = fpj - A/ pR (t 0 ’ 0/' ) “ A/ p£iS (3.1b) 

b. Post-tensioned member 

A / 1 P T = A/ p a + A / ' p p + A/ p£S + A/ + A/ p CR + A/ p S # (3.1c) 

UJtU A f pES HIBHBfRtnBIRialltltlllR jack tendon HtiHffi?) HSlHSHtiSlfciHfiinS ‘I 

fJTH'ltiRJtlJl post-tensioned member fTIJRtinSI relaxation loss tHthfaHtslSIiinEUltaJ 
u = t tr BiaBaummsBiBisintii t 2 itinjififiBmim i tistss 

t t? | tf. ni ^ V 
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fpi = fpj-y p A-*f P F (3- Id) 

ml). Elastic Shortening of Concrete (ES) 

ranaiiTisiglintmnHaiRRHiaiTtiRaTma i uJimrmj tendon itinjMRtfTOtfiHrastiraRti 

l i) m i n tu U i U h u i 

jmtocufn E3ms§Ji8iRuasfntrimmnt3Tmt3^tiJfiHis i 

W-O c* V V EU U 1 Li 

m.lD.R. Pretensioned Element 


/ 


Tendon 


M Pi 


<b) 



«;VV« 

O' 


: <j <_• • <j ■ <s . ' - 7 • % <r • 







<r - <i ■ - <3 • * : -rf : • :<?. ‘<a' • 

<i - c • • <3 - « • .<1 .«* • . 0 


L 

ty • <r/ < <3.0 ■ -< 3 . % ‘ <t ’ ^ ’ 

.■ <\.o r -o * . . <i- • 4. *■ '«• . 

J 





Figure 3.1 Elastic shortening, (a) Unstressed beam, (b) Longitudinally shortened beam. 

M|jnn pretensioned element (precast) RmhMtimiJtllHgiRiglltijgHIlJim 

tendon BgtiitnBtiRiiiiTitnHmiiinminMRH tiauttirmslnmus m.sn RirnnsHRimaiRtiraRa 
R S ES = A es /L ytsISS 

fc _ Pi 


c* v in a v 


£ ES - 


E c A C E C 


HtflttffiTlJ tendon tmRt3Tfnt3Jt3SfStritSRl JJET13t3l3?n ISIS 

UiU V JJ \}£U t) <=* 

. , _ r _ E s Pj _ nPj _ 

4f pES - E s £ ES - TT“ - ~7~ - n f cs 

. c 

RatHiaiBlRaiuRaiBlTRtiBnifiBHBiuMiiJRiiJtminnitiiriiniRaTHiaiBHR 

ct] Li Lj i ts n Li]Li 


(3.2a) 


(3.2b) 


f =-Al_ 

J CS 4 


(3.3) 
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ramsra tendon iSlRtiitJS ftl.9 mBBIUTlRSfi e RimiUJlUJiaiTJMBH StitRRPiHHti 

U c* v w.rtcs'ct v 

itiwtnsnsHstiicwufjfi M n imsRarmaranaialTRtiHSfnHnnjntiiitiiaialTHSaJiuMiiJmTu 

*s LJ 1 U 1 U 1 n C7 Li 7J Li 

ntiT?nt3mmts1tjn 

l U tu 


fcs 



' e ^ 
1 + ^ 

V r J 


M pe 

h 


(3.4) 


tticu p ; mantHtiiHBtiiaumunRHiaiTTiRaTinaTnftnBitii *i mimnnamniHniinM p, tsl p 

l tu v tu U 1 Li Liu C* tu J l 

fits RBinmmaiflimtmininaialRtiiiJRiniRaTmianaiufirnntiimHHBtiia Rtnairunarsna 

X) vJ tu ct Lj 1 Lj <ii * tu V tu Li 1 Li 

jacking iBn p : i ms itfimimnfintnRRtiRiJRimfifiiHiuM p t itJwtRitnamnuBmtmaMtRH 
aauJimwiifTUHianniJimtsi mjm^tJsciitsg'msfriPTJcijBtsfiij timssmmtmumH p uBhhs 

n in ~o *>- u v Lj tu * 1 

intmting1ni3MHmi3.2 rnifititii 3.4 ufnmjstufi 10 % TUMarainBtitnamranilBiiiJtiiraiMi 

Cio <=* v "s* o. Li Li 

til (31 


m.b.n.1. RtmfiUvItljltllfini Elastic shortening talgtif H pretensioned 


QfflWJttfi Bmt!Rr3tTUfli3TR1i3 pretensioned HmHISttlJtiTmfti 50/f(l5.2 m) titstlfrimtsl 

ct i Li i Li A u o Li J \ / u in -o 

maras m.fcn emmmimss 

ot u U c* 

f' c = 600psi(4lAMPa) 
f pu = 270000 psi(m2MPa) 


f' Cl = 4500 psi{3\ MPa) 


A n , = seven-wire-strand tendon 

//j n t*. 


-in. GSS10 
2 


= 10x0.153 = 1.53m. 2 
E ps = 27 • 10 6 psi(m200MPa) 

HimBinarinaMnMranaialTRiagTtifiBHaiuM tendon MrmuHsmRnnmtutamMBH 

1 Li ] Lj Lj i Li 1 n ^ ct 

aanimaiBiniaRimRutiiraRaTmaiiJimtmirigntii elastic shortening lUMiuRin MstitiiHs 

Li 1 Li & C 1 ^ 1 

St3itin|pnt3{fnt3 jacking force IBllW tendon mBfitHnnWBti 75 %f pu 1 
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50'- 0" 
(15.2 m) 


30" 

(762 mm) 


15 

(381 mm) 
Section 1-1 


Figure 3.2 Beam in Example 3.1 . 


dm/ngffinm: a c = 15 x 30 = 450 m. 2 

= 15(30) = 3375Qin : 
c 12 


r = — = 75m. 


A„ =10x0.153 = 1.531/iZ 

30 „ , 

= 4 = 1 lm. 

c 2 

P t = 0.75 f u A vs = 0.75 x 270000 x 1 .53 = 309825 lb 


M d = 


' u *ps 

wl 2 15x30 (50) 2 

xl50x-^ — ^xl2 = 1757813m. -lb 


8 144 8 

nMHfnj 3.4 marmarjnrjmfimsiTsitismiSsHsrarjlSmscmsiiintmtiJ ufimwBntji 

1 Li | u u ] t/ ct <ii 


P,=Pj 


f =- — 

J CS A 


V ' 7 


M D e 


309825 




450 


2 


11 

^75~ 


1757813x11 

33750 


= -1799.3 + 572.9 = -1226 A psi(8.5MPa) 


iimmmamna 


E ci nte = 57000 frf = 57000V4500 = 3.824 ■ 10 e 


psi 


•?!« Es 


tiwinjuHgtmHH n = 


27xlO t 


E ci 3.824 xlO 6 


= 7.06 


fimmtittfiinttimumpfflienti 
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e nfiftitiinm 28 tti = 57000V6000 = 4.415 -io ( 


psi 


tinnntuHatuiBlinm 28 tti n = 

U V T 1 tr 


27 • 10° 
4.415 -10 e 


■ = 6.12 


nfJHfflJ 3.2b RUTinutilfTIRl3|mailJimMlI elastic shortening R 
A f pES = nf cs = 7.06 x 1226.4 = 8659.2 psi(59.1MPa) 
tuMaraim|S p t tticummjsffittiiffiwstimmjsffi 10 % 

A f pES = 0.90 x 8659.2 = 7793. 3 psi(53J MPa) 
fnnsrjmtsnaynattin^H 865.9 psi HBtfrg |p^sratm|pjmt5jusl3RUTifiutit|URt3 
TtntiMjmtinjtjnoitunRmmliHrjttituHismHtuTmuitun 45000 psi tsl 55000 Psi 1 

U 1 o n su U 1 


m.lQ.8. Post-Tensioned Element 

tSlfitigH post-tensioned RUTlRTH3U}imMU elastic shortening tfUfUClJnfiJSj JJJMBIU 
tendon sin h fj TRf tii s jack naititufinmtum iBlmRRnmnjiBRtHuJrofiimB'iiBlRa man 

Lrjj J ot ct n su c* 

1 1 

pretensioned fUMBimfillTJtjUTlBIB jacking tilt|pstafimtlJ tiGtil jacking tendon Htinmti 

1 

tntUtRHffi 1 TUMStU n tflBBBJTJM tendon tUiratR9im tendon Ht3HJ ISIS 

u Lj u -on 

A / pES ~ — pES ) • 

” 7=1 

ttitu j tjlBBBIBR'UHBiR jacking 1 Qtimtil tendon ttitUJi3S!fflJSiniijl3tTmffitRHSJi3SJnurifi 

J u in - 70 v "o 1 U v 

umtilturmt elastic shortening 19 ISltHtUttitU tendon IlJWiaR1immfiyl3IRIl3Bfmtn[mRUTlR 


m.to.8.1. RtmRUtom&ni Elastic shortening ISlRttf H post-tensioned 

i 

^t/7//Z^/77.i7:tu3SjtmragmUltnji CT1.9 tpMBIUBHtjl post-tensioned ttRffifilJHSlmjtJRil 

imtitiQSimynH: 

a. tRsnm tendon HtimnmncmRHm 

-o n c* v 

b. tR9im tendon HllHffi 

-o n u 

c. iR9im tendon HtfgitiHfd 

-o n 

timmsjtmtn: 
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a. ngSIUlJClfi CT1.9 tratims \f pE = 8659.2 psi 1 tendon 

elastic shortening IS 1 titslSi HlStR tendon 4RHS itiEUJti 
mJ81fiiJl3iTtJm3Tffll3 tt3nJtiJSHtini3fiUn?iiJ^HBiJitniMSl3 8659.2 psi 1 nfJHRlJ 3.5 

Li I Li V U v/1> 1 


RUtlRtimfrlffifiTli elastic shortening iSlgtigH post-tensioned R 
4/4 + 3/4 + 2/4 + 1/4, ’ 


A f pES 


-(8659.2) 


= ^ (8659.2) = 4330 psi(29.9MPa) 


b- A / pES - 


9/9 + 8/9 


1/9 


10 


(8659.2) 


45, 


= — (8659.2) = 4330 psi{l9.9MPa) 

iBlfitiRiimmiani RunnutiiniRarmaialRanH post-tensioned ifiaatiiRRiimtiinunR 

ct u | u ct ct r v,b g-, 

ummRt3tmmslRt3RH pretensioned 1 

Li i Li ct ct + 

c - Af pES = 0 


m.m. Steel Stress Relaxation (R) 

Steel-relieved tendon Il3nimnutiRinl3iraRl3Tml3IlfimMlItmBtlinitsng1STlHintlI 

nj Li i Li y 

SQtnsutunmslR^nRl£n 9tniaRiiRinuBmiraRiaTmaHaiHaHiTtumiRit3im:iritiiiRriRini3 
ifjinaimamwnsiB in^ialHi|Mmaatinnnjui|uni3tmi3i3Hit3 yield strength jumiiJr 
fpi /f py 1 Rimnutinl3|inl3!uUia8|RJtnaimHimitlffl*tll stress relaxation 1 ACI 318-99 Code 
RanRRmmiamrmslRti tendon injRtiTfntitiBBltilTR'lH: 

1 Li -o ct Li 1 Li y Li 

a. M|munl3|Snl3IlJnra[imWtlRmt3mm tendon (jacking force) f pJ =0.94f py UlBHa 

THJdtiiamHHtjtiiainRaBinjnH o.so aamHHRuiiniiJtiiiiinBiuJimHRtitiiH 

L»u su y ct u P li cu c* 

tendon Si3 anchorage 1 

b. f pi = o.S2f py msHa^fstiia o.i4f pu i 

c. tsl Ht3 post-tensioned tendon R R jjfl R i jjTl R J Hi R J iTl H 9i Si [R R anchorage St3 coupler 
= 0-70 f pu 1 

RIB fpy H1|Mmal3|Uin9!lJRI|URl3|inl3tRJtnBIHiragB&ll3I| j RlH: 
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- Prestressing bar: f py =0.80f pu 

- Stress-relieved tendon : f py =0.85f pu 

- Low-relaxation tendon: f py =0.90f pu 

ItJMsra / p/ f^na|fnai|URa|mi3!iJnn3lMnh3lnaiiJmtrnmci relaxation MHfnisiti 


ijiTlHROJlfi f pR Mftnu stress-relieved steel: 


fpR = i r io g t 2 -iogb 
f P i l 10 




P' 


\f py 


-0.55 


(3.6) 


isImsMHfnnss logt 10 , f pi / f py {jnftitiiti 0.55 sti t = t 2 - ?, i 

fJTHlt) low-relaxation steel mtimSfl log T?i!tt5RSl3 45 tjSfdimtB 10 lm 1 JUS 01.01 Utinmn 

U w w L»y i) ->o v in -o 

3.3 1 

inH1t3IHimKtH|UUTlR|UIlJltliraMH (log t 2 — log ty ) 1MS13 logf = log(t 2 - 1 { ) itflffiHS 


HisntmRuaalSojusmojSojfnnoimms i iglnamnJiia* ntmemi3tt3nmFinj stress-relaxation 

1 Li ot 

mfutii 


a f pR =r 


log t 


p> 


10 


/' 


pi 


V f py 


-0.55 


(3.7) 


fora f' pi 



Time, hours 


Figure 3.3 Stress-relaxation relationship in stress-relieved strands. (Courtesy, 
Post -Tensioning Institute.) 
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|UMBrainmtnBJmnnuTiRutitiifitJTia9 

cuncinrntfLjfattJim: 



(3.8) 


to u tfiintmnuiSHffim so u tiitntutOtumnminjntcuntmfiuo i 

l n -o ^ 

m.m.n. Relaxation Loss Computation 

qgwim m.m: RnjmmmfiumsIntiqmuuM m.® ufimwu relaxation isimra 5 gi itfim 
M3R relaxation loss tnuniEIW jacking titmrmtil RUTlRtJtiltflffifini elastic shortening 
SOmmOUOJffilincmfO UJUJTHimUJHfin creep SO shrinkage R0H9T0intlHSl*mMB0 20% IS 

Cl 1 vJ -^b 

IJUROttnOuStn MSfitfl f py = 230000/wi(l571MPa) 1 
titnmijrmtn: nwHm 13 . 1 t> wtjnufliinmmtmB* 


- 0.75 x 270000 = 202500 psi{\ 396 MPa) 
no^snoiOmmousmrj^jmummnjisintmouo relaxation r 
f' pi = (l - 0.20) X 202500 = 1 62000 psi(l 170 MPa) 
jm:inHJlBtJinmmi stress relaxation R 
5 x 365 x 24 = 44000 iHlO 
nfJHfTIJ 3.7 




= 162000 1 °g 4400 ° r^-0.55) 


= 162000 


10 (230000 ) 

= 162000 x 0.4643 x 0. 1543 = 1 1 606 /»7 (80 A/Pa) 


nmm&ttiimtimumpmitfiti 
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Cn.CH. 8 . ACI-ASCE Method of Accounting for Relaxation Loss 

IS ACI-ASCE Ifumrawitria elastic shortening, creep 3tJ shrinkage ulththtmSjninm 
steel stress-relaxation loss 


4 fpR - \fre - j[fpES + f pCR + f pSH )J X ^ 

hihjtjm K re , j ati c inltnawnmiBlnamna cn.tJ stifnnti tn.fi i 


Table 3.4 Values of C 


w 

Stress-relieved 
strand or wire 

Stress-relieved bar 
or low-relaxation 
strand or wire 

0.80 


1.28 

0.79 


1.22 

0.78 


1.16 

0.77 


1.11 

0.76 


1.05 

0.75 

1.45 

1.00 

0.74 

1.36 

0.95 

0.73 

1.27 

0.90 

0.72 

1.18 

0.85 

0.71 

1.09 

0.80 

0.70 

1.00 

0.75 

0.69 

0.94 

0.70 

0.68 

0.89 

0.66 

0.67 

0.83 

0.61 

0.66 

0.78 

0.57 

0.65 

073 

0.53 

0.64 

0.68 

0.49 

0.63 

0.63 

0.45 

0.62 

0.58 

0.41 

0.61 

0.53 

0.37 

0.60 

0.49 

0.33 


Source: Post-Tensioning Institute. 


Table 3.5 Values of K RE and J 


Type of tendon* 

Kre 

J 

270 Grade stress-relieved strand or wire 

20,000 

0.15 

250 Grade stress-relieved strand or wire 

18,500 

0.14 

240 or 235 Grade stress-relieved wire 

17,600 

0.13 

270 Grade low-relaxation strand 

5,000 

0.040 

250 Grade low-relaxation wire 

4,630 

0.037 

240 or 235 Grade low-relaxation wire 

4,400 

0.035 

145 or 160 Grade stress-relieved bar 

6,000 

0.05 


'In accordance with ASTM A416-74, ASTM A421-76, or ASTM A722-75. 
Source: Prestressed Concrete Institute. 
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fll.ts. Creep Loss (CR) 

re O i/l 'O 7J Li Li n 

TMraifflfnHintmalintiiiiJtiifuauBmtji unarmrntir i RuiGTommm umfinsialiJtmmnitii 

U u U U -VI n 

HRnRaTsnaHBiTammHmnmmiBSTHftnBiniinHiituristsi creep i RuitsTsmsiffi uu!thtjthhi 

1 U In n l_ru A V Li Li -Cl U by 

nainjuiiJnnRHrimnnmiinTMmBaintiiiBstiiHBnHBiBginiuMUBRHBfHB JtmtncimmsR 

wnnjiriuMranaiHHiBMHiHiTRiHtinuMfi tunsniiRiuim inmiuMHaniBiintiiiauBnfiuti 

a l u UuO as in v 

aatURSHiimMlB 1 ttilffifiTUSSIRSSti stress-strain ttiEUtltimEUn creep HISEURtUKtiltJSIR tits 

IB«ninBmniJim|MWRi3mimn creep strain e CR tslsti elastic strain s EL tttajRtldmHRnJl 
creep C u 

C u = SCR (3.9a) 

S EL 


UBiuHmnintinimmHmm creep TRUimrinro * itinjRRtjittitiBBHaiTR'iH 

oi i A Li (/ v u 

. 0.60 


C t = 


t 


10 + f 


r 

0.60 « 


(3.9b) 


titsntnnuiBlnafirmB to RtHiuM c u mribIbibi* 2 sti 4 tiiHtustimHHtiTH 2.35 mthiu 

V cJ <=t 11 re w«n.su v re U U 

ultimate creep 1 mHIQRnJIRnimRUtitSiRtiHtiritmRtiTfntittitIJUnninJn creep fdTHIU bonded 

A ot n Li i Li n 1 Li 

member RIHJUHBBHIITR'IH: 

V n U 

E, 


WpCR=C t -^f c 


(3.10) 


tticu / rt tiiRtiTRimslRmuRmslTRtis]tssmi3sHsmrijttiRtraRtiTRiti t i tfistsl RutiRtititss 
tilHSRHStSlStiRtiTRItitSiRtiraRtiTRtiHgmRitiCURntilfTlR 1 tslfiti post-tensioned nonbonded 

1 1 Li ct. i Li i i ot A 

1 i 

member IRHlQntSliniTlRtniRtJtiHIStlJRtinrtStntlJUttinitinUfjtRJti *1 titstSS RtHHRTHJdfdRti 

8 '■'* n cf y re eJ l 

[mtHURti f cs tstSIS anchorage point ttiEhtRHIGtfp fl fd {HI U R tin SI creep tSlRti post- 
tensioned members 1 fJHRintifj ACI-ASCE Committee Eii [HI U R [HI R R tm R U tit til til creep 
HISSTHtititsRlStifdHRIJ 3.10 

Li V ct 


nmm&tthmtimumpmirnti 
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A fpCR - K CR ~f~ [f cs - f csd 


c 


(3.11a) 


U 


4 / pCR - nK CR (/ as ~ f csd ) 


(3.11b) 


tutU K cr = 2.0 M|H1U pretensioned member 

= 1.60 fU|tniJ post-tensioned member 
f cs = Rti|inai3lRaraHai^|Hfia}raMiiJR c g s 

f csd =Rtitmai0lni3iuni3ia1tHtia}iuM!iJn c g s tStuuniiitUHRnusmtintJtUHsJg 


Qtuntsi mfrirmsEii K cr 20 % MtmtfruntiBHBtjmtiJ 1 

m.cJ.fi. RMmmmmj&tfimfmi creep 

^^7£yzr/z^ /77./r.* futiTiRntjri?iutaitP^ ti L ri5|t3 ‘ £ ^' ltIJfiriJ creep MunnHamalnagmuiiim 01.9 to 
USRHSfmitSH (tCUmtUilSHSfltUrarjgH) t{mtutntuttim 315plf(5.5kN/m ) 1 

Btamsrtmtn: iBlintmiMMtirafitiintniwrn 

U 1 n 1 - 0-0 


msHtTffimtntutRHsJmmnarfnajQntuttutu 

U 1 m U 1 U 1) 

n = tatUtRjtJH^tU 


E c = 57000^6000 = 4.415 ■ 10 6 psi[ 30.4 x 10 3 MPa) 


n = — = t 

E c 4.415 -10 6 


n = — 
E, 




nfOHmn.i 

f cs = 1226.4 psi(8.5MPa) 


MtmUIUntinHtnifU K cr = 2.0 (pretensioned beam) gtstSsnfUHfTIJ 3.11a 

¥ P a<=^cr(f c ,-f c J 


= 6.12x2.0(1226.4-458.3) 
= 940 1 . 5 psi (64. SMPa ) 
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m.g. Shrinkage Loss (SH) 

Stsmsla creep iiJfjraRtf 9U1IS shrinkage JUrfoUflaitiBffiBnnJtfillflBRfn UJtUIHtnB 

MimnTRtamnHtinuMrana niinatsmun TuifiBWHtiR imrintumuim imiintiiBimsintu 

Li i) vJ 1 Li Li 1 tu 

muimtsuMnrau sa RimsfmraRmma BimuMHamratatris BaniRsnntmmB i stri stira 

o U i n U i U nUUin 8 a «n. v 

naiuMHaHRtisfiBntimtiifrmHmgiiJn rmuitu 80% ta shrinkage mfimsuslaisHnnsHim 

n d U Li O c* u 1 

rafihftfjtfuti 1 iSlRR ACI 209 R-92 Report IRmRBtfiHnjHinM ultimate shrinkage strain tsl 

i i 

Rr3 moist-cured concrete Si3 steam-cured concrete i fd S R 7 80 ■ 1 0 ~ 6 mm / mm 1 RFaBR IHiSSJR 

ct ^ cu tJ 

riBfituuJitmm:intiiiamuiBiaSua rdtiuiHmfinmrd tiniiBfumgitiiiti MRanRin sRMHifd- 
mmHtfiiuMiuRa i iBHTmnRBnnimaiajHRRnurntiiRamHHBTHiauiTHUTHtiinaititn 

1 1J iJ 1 E-J C 3 is.ez eu U U Liu U 

UhmwiimilHHig (shrinkage strain) IHfRfRimhaaiHnimffiHtHJ y SH yt58H3i|fTlH: 

£ sh = 780-10 _6 ^ Si/ (3.12) 

y SH ^iHnnjiMijnnwnsnjimimaiiJtiiinaialna aci Committee 435 Sec.2 1 

fdTHIUEIJRStLnfdlatfll Prestressed Concrete Institute mRKtHHnTHMTtnU nominal ulti- 

Li q a ci su U U 

mate shrinkage strain (s SH ) u =820-10 ~ 6 mm/mm 1 jjjfdSru s SH til shrinkage strain I^RItlin 
iRR[Hfrd[mu relative humidity iBlsnHtitiiiBjuingitiiiti v is rnmnuiaitufititmaiBlfiti 
pretensioned member R 


A /' pSH - £ sh x E ps 


(3.13) 


M|jnu post-tensioned member RtJTIRRi31|RRa]tflttlu1ffifiRJRinHH1^RRRtilttM|H1lj preten- 
sioned member IthmwiIHaRtnBIHHig885ItlitIIHBintlIia post-tensioning 1 ftJMSraiRRR 
relative humidity frlRIRRU St3IRnQimiTinfi|ntlJIStitmtijU VIS IBlsmmnUittpfiatfnaftitlJ 

uomtiifiRmHHigRimiBltii 

n v cu 


Af pSH =S2 x\0- 6 K sh eJ\-0.06j ](l 00 -/?//) 


(3.14) 
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ttiEU K sh =1.0 fjynu pretensioned member ‘I Rlilti 01. & IHIHJBifitHtlJ K SH Mflnu post- 
tensioned member 1 

Table 3.6 Values of K^for Post-Tensioned Members 


Time from end 
of moist curing 
to application 
of prestress, days 1 

3 

5 

7 

10 

20 

30 

60 

K sh 0.92 

0.85 

0.80 

0.77 

0.73 

0.64 

0.58 

0.45 

Source: Prestressed Concrete Institute. 


IRHIBBaWRIJIRfiTHf shrinkage loss WTH1titUR8[UlfiJatJlJtj1HSRHStSlSi3tntU t (Rfi 
tflttf) STlHMHRlI&U3I[fnH: 

a. Moist curing, t|RltU 7lti 

i £ s h )t = 35 + f { £ SH )u (3.15a) 

lotU {ssh) u ^ ultimate shrinkage strain, t = intUiutURRtjli y 

b. Steam curing, i[R1tlin llffl 

( £ s h \ = 55 + f ( £ sh ) u (3.15b) 

lffi!3RJRRfJR1tUtriR1JR[UlS1 creep Bti shrinkage tfttfrtftmfgTRnRlialRtitalBSTfiitnB 

X) *- vJ ct c* V Lru 

SSEUffiRfdTHTORliHSlR 1 1uimu!THUTH[ll3l3IlJtlimmfffl3IBlRl3mH creep Bti shrinkage R 

X) Li 1 Cl Li Liu vJ c* eu a 

unmniHRnmrHUTHniiBMHiHiTHtmitnHtinuMMHii: raimsn^tiwHtiniiBisTRitnatiwnratTi 

n Li Uu U 1 o n Uu “x5 

ninaBTRmiftrai !JBiB*inTRfg9wmRnRinBnw9tiwriitmBBtiimMi3MTinntitiiRtitiiiiJtiiti[UH 

U U Liu u cJ Cl Li 

ramntmiijTR MTHIURinJitiWlBtnitliaiWRHMinBRIHB SUMTHIURIJtJlRtJSRRSHSRHR1 1 

-o u u |J «=» n ru Li <ii ty 

Cfl.Hfi. Shrinkage 

^^7£/7/'/Z^ r RtlTlSintJTIRUt3t)pnt3^?rit3tE3CUtJElJinClJHnn shrinkage ISlRtigmUlitlfl CT1.9 Bi3 
tn.to t si H1KJ ritt^Rim moist curing UJimilpma ultimate K SH method IttanjUWHfTlI 3.14 
BiftBHItMHJBtiintlJ (time-dependent method) ItJnnjUMHRlJ 3.15 1 fdSRtal relative humidity 
RH = 70% BtititlllBjUHiginfitilMBa 2.0 1 

dtamgjtmtn: 

A. IS K SH 
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(a) pretensioned beam K SH =1.0 

HfJHfnJ 3.14 

Af pSH = 8.2 x 10“ 6 x 1 .0 x 27 x 10 6 (l - 0.06 x 2.0)(l00 - 70) 

= 5845 psi{AQ3MPa) 

(b) Post-tensioned member ClfTinti 01.5 til S K SH = 0.77 

A f pSH = 0.77 x 5845 = 4500.7 psi{3l.0MPa) 

b. ISmiiumaaintii 

nrdBfTli 3.15a 

e err , = — - — Sv H = — - — x780xl0 -6 = 130 xlO -6 mm I mm 
35 + t 35 + t 

AfpSH = SsH't X E s = 130x 10- 6 X 27 X 10 6 = 35 l0psi(24.0MPa) 

m.e). mmfiU&frlffifmJfmfifiSi Losses Due to Friction (F) 

post-tensioning member IraiUnnJHRnRtntiRRfilflia 

Ci o » O « o o ''fl o » . cJ , » 0 . o 

tendon BtiTJntiUJtlKlBtjjmfl 1 BUlIBRUnfiUtilBMfiHBfiHBIBBTHtiJTJMltiRITtJRtiTRlti (tendon 
form or alignment) ItJnnmHimitlfflJtslfiBtltlimiimti (curvature effect) BtiWtnRIBRirifiati 

(wobble effect) 1 mHiamimm 

niHiHRniiiitmnutimBWR[m:|uiMnaiintiiRni3njuB shop drawing lift mmmnfufyoj pins 
tendon Si3fBJnp3tJnl3 (duct alignment) 1 t n H4ta f4tin?T curvature effect fjlBSfilS in wobble 
effect ^niBtiwiflnitnBnfTinHBtRtiiuMunfiiiJimitiiJBj yHSfntsttjJrafntitns ititmnmisjti 

t^mrmnnmnjjuQ^fiunaHstnstiJ i 

imaniBimitsiRUTinuiaRiaTmaRRnHRUlinBaiRRinBiBiBamaiBtniuMBH rawsram 
mrTiiSmmnaTmtiisItiQtiHimstR i titnss ntmnum^mrmmHiannmmraojtiitijnnfirrdHi- 

-O U 1 U IB lJ v CU U I_IU s 

HiTRRiHtminiBiitiianH tuimiRHiBiB interpolation MTHiusniantfijfdnfnHffi TUMBraifiBiam 

Li 6 "> «=» c* C 1 Li u Li 

BiBfmiR[iiiBiHm!iJtmnBtiimm:fna!RTTiiMi i 

V w a U 
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m.eJ.fi. figcicnmcunti (Curvature Effect) 

Itfimwintiffim tendon tflHffiStiflHIti F, ISlGtiHIti tititSS tendon TttfJiaBifitntiRfiH 

“x5 %) suiiau Lru v cu 

tfiHffistiunti fflcmnunmnarinaialRa tendon InjnjwnBtniaitiwmniiglBmm l mu 

X) c* l l_i ofc l_i Liu -\j t/ 

tmunminiti tiBUincTmtiiug cn.di mSsmmtunrmJtiHsssiQrarj tendon HsBmJitimmH 

n c v l /1 <=* 7 j u U n v uU 

HaiftiJiJtjutiimiBiRtiiug m.ti ttrimufimwBn u tSitHHimnaitififinifiti tendon Btiuniata 

m y in ti 5 J • itu 

utimtdHRnflsntijmtima tsistmtitns: 

n a 

dF { = -juFyda 
dF 1 

U — - = -fjda (3.16a) 

F \ 



Figure 3.4 Frictional force stress distribution in tendon. 


Or 




Figure 3.5 Curvature friction loss, (a) Tendon alignment, (b) Forces on infinites- 
imal length where F, is at the jacking end. (c) Polygon of forces assuming F, = F 2 

over the infinitesimal length in (b). 
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log,, F x = ~na (3. 16b) 

tJJMBItJ a-L/R ISIS 

F 2 = F x e~^ a = F x e~^ L,R) (3.17) 


CTl.eJ.S. figncminmj (Wobble Effect) 

gUHltri K tillHrniimtnaRRHlfia tendon BauntiflJtmmmtllHRn wobble effect u 

i m n -va 

fisncufmlti (length effect) i nunHutiiiftraimmatmaRRHniRHi^aiiJimtmifTinHatHS 
cyrarj tendon tTlH|TIliaiUMfl { ul ffi H S B n oTj r[d J til S m hi (Hj U (R 13 U draped alignment 19 1 

umuHRsnHitnniminjiiJtimiiJtiitnantununiamiuiSHMHmi 3.16 tmtatns 

log e F x = -KL (3.18) 

y F 2 =F l e~ KL (3.19) 

itJimunrigntiigitjriiumtiitnimtiggtiitnB 

V e» «. ct u 


F 2 = F x e~ Ma ~ KL 


u uJimnnSmarma 

i u 

h = h^ a ~ KL 


(3.20) 


umuHmmaggwtnanuiiHutifiatmaiiJimwiiRmaRRH a f pF tiammyriH 

A f pF =fi-fi = f\[\-e^ a - KL ) (3.21) 

itftmMBHtsininaiTURaTmaBimsBimBtsiuiBHmnniti atiBBBBmjmumnintitnBfiiHfra c m 

^ cu U i U m i n l i is- cuu U 

tuitu 15% ) SQis§fiHismR[iJi:rdmRTRUTmsnl3mnmRHimranl3Tmt3iBHrdTHiuRtnfnt3sit3 

V 3 i Li Li Li c* Li nj Li i Li Li 

HtUtSlRi3fdHfnJ3.21 1 IRH1BMnWIWHfflJ3.21 UJWWTHtlJIBtiBBltilTfnH 

v <=* Ljw u v U 

Af pF =-f\{pa+KL) (SIR US) (3.22) 

A/ p f = -/i {pa + 3.28 KL) (SIR SI) 
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ititu l nntii ft u m i 

lJd os Li e* v u u 

tendon tnBwnnuHiinBi a tnBi^tDiallnmaninniiiMTRHrauTmaiJiiJtii *i uJimwBfimnma 

Li 0 1 Li Li Li 

JTJM tendon WlSnUfrltiitiia mfo a ?TIHm[iniffiR[imfiRt[init3tSlRt3raS CTl.e) IMBtiHtjntlJIBl 

c? i is- n ct v ~t, i 

siatiaiuMnnmHmiinuj i timas 

1 V 

a m 2m 

tan — = = — 

2 xl 2 x 

yiMBlS y=\i Si3 a 1 2 = Ay lx 

ISIS a = %ylx fltijia 

mnia rn.nl imrasl design value raMiHHniiRRKiflimMiimiiniti BaiHHnimnnuJimMiifnium 
U UUJimwuyilia K itiWSSfUtilSn ACI318 Commentary 1 



Figure 3.6 Approximate evaluation of the tendon's central angle. 


Table 3.7 Wobble and Curvature Friction Coefficients 


Type of tendon 

Wobble coefficient, 
K per foot 

Curvature 

coefficient, 

Tendons in flexible metal sheathing 
Wire tendons 
7-wire strand 
High-strength bars 

0.0010-0.0015 

0.0005-0.0020 

0.0001-0.0006 

0.15-0.25 

0.15-0.25 

0.08-0.30 

Tendons in rigid metal duct 
7-wire strand 

0.0002 

0.15-0.25 

Mastic-coated tendons 
Wire tendons and 7-wire strand 

0.0010-0.0020 

0.05-0.15 

Pregreased tendons 

Wire tendons and 7-wire strand 

0.0003-0.0020 

0.05-0.15 


Source : Prestressed Concrete Institute. 
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m.eJ.fi. (Computation of Friction Loss) 


$muimnm.e): fJSR alignment characteristic JUfj tendon iSl ntl post-tensioned beam 
lagmumm rn.la Soman mt si maras rn.nl ^ Towsra tendon tSnjnmsImaomssSn 7 -wire 
uncoated strand tSCUi|fiTltJiSltIJ flexible metal sheathing QmnflSintfllflfli3fii3|?fll3iSltIJririJ 


nH1l3flfl?iiSlfil3lSmTiJRl3T?fll3lSnJiI[U11tUHnn curvature effect Stf wobble effect 1 


R = 140 ' 



Figure 3.7 Prestressing tendon alignment. 


Btaimifmtn: 


nfJHfTIJ 3.23 


P ( = 309,825 1b 

= 309,825 = 202,500 psi 
1 1.53 


8j 8x11/12" 

a = — = = 0.1467 nsita 

x 50 J 


nmnia rn.nl tun ^ = 0.0020 sia ju = 0.20 1 nfdHfru 3.22 fiunmjitttpfititjntiiStiJ 
unflnnjHnnntritififism 

n eu 

N'pF = f pi{M a + Kl) 


= 202,500(0.20 X 0. 1467 + 0.002 X 50) 

= 202,500x0.1293 = 26,19 lpri(l80.6MPa) 

RunnutiuJimtmifniRRniBJiMBa 12.93% iBiranarmaiBH 1 

Li ] Li 
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cn.nl. Anchorage-Seating Losses (A) 

Anchorage-seating losses iRRi0ji3i;slRi3 post-tensioned members OhJTinJHRnRIJfcilR 
IftfjRiSlRa anchor IBlintlJRtnti jacking fftftnBltinBl anchorage 1 llRmRiRRHlSiSlRR 
RTHItunHJtJfj pretensioned member t£3CUfnUtUTICUHnnn'mt3tmfit3Tfrit3Tfi f tilStl^nsI 

RTHicutsio i inHiBiih8TtmmRuiinntiiB*tnBnhH9TainraHBiRiTtiRaTsnaiiiimiraRaTsna 

Li Li <=*vJ ] n Li ] Li Li]Li 

1 l 

HUM *1 tflBIBl SOTtS anchorage-seating loss MRISldtSlS l/4mJSl 3/8 in. ( 6.35mm Iffl 
9.53 mm > wfmtfrtgjnriiti i stjnt anchorage 
iultUTtJnSSHtIJ9 THffTlimi?RnTHirilMMIUMfinti398B itRffitsWRRitnStatUSlSSStlJtSmi 
iSwiiJniifiaBmiJniunjntiiHnrimiiRHtHi anchorage imn jumbiS a a tiistniarrmflni. 
l tiifuiiaraM tendon la E ps tfiHgwiuMuJRituRatma 
JHCU anchorage R 

4 /" pA = ~~ E ps (3.24) 

m.ri •fi. Computation of Anchorage-seating Loss 

&ff7t/lfiUl ffl.rf; anchorage-seating loss lSlRr3 post-tensioned beam ffl.lO 

tUMBItJRlIJHnJlfiBMlBR 1 /4m. (6. 3 5 mm) 1 

dttimsitmtn: e ps = 27 x i o 6 psi 

A a = 0.25 in. 

Af pA = ^A. Eps = 0,25 x 27 • 10 6 = 1 1,250 psi{ll.6MPa) 

L 50 x 1 2 

BnjfitftmmmntmHuto HianiHHMTinuSHS tiBtBtttiritnn 

*- 7 CU U ct CU V 

sarn post-tension iWRHStflHffilaRinMTRRSfdtnsnjnfj 1 

c? 1 c* cu u i Li n 

cn.d. «555i^seeis?iei^ei5siaig«S?3i5Sf3ie5si>5i4e^ 

ss a 4a « ra 

Change of Prestress Due to Bending of Members (Af pB ) 

BHiRitiithmimiititmRiarmia uuBRsianRi i fiiRia utiRmrMtularmRsusR as 

Ct Li ] Li <ij Li -oiU U e* y 

uairmslRaras m.ti i mMsmmrHUTHnjnamturijaRtiRfmslRamRamHmtunmllrarj 

tendon r s r iBisRUTinutitTURaTtnaiaiRaiiJRiiJtiiTHiaamTHUTHtiinaitiimBjn 

C- Li 1 Li ct Liu Li Liw U 
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4f pB - 6 c E ps 


to e s tiiHgtiiiuMiiJm snrntii MununiimaiBl tRHstritnQBfinQiitiriinRUTifiua 
uJimwufrmmianinHmig TUMBrara^MmmranaTmaiTfnmnHifnaiBitiim i 

U u Li ] Li Li ct u 

ms m.d ummn flowchart Mrmumin[mnnuiinutiiTURaTsni3inTMmBi3intiitiifiiJTiB5 

V i/i-o U Li 1 Li Li 

uJimHainBmntJitn 




Figure 3.8 Change in beam longitudinal shape, (a) Due to prestressing, (b) Due 
to external load. 


m.£. mjRMrnRuriRtJi3RtiT?nm3iRi3GHimraRi3T?nt3tiiHs 

Step-by-Step Computation of All Time-Dependent Losses in a 
Prestensioned Member 

^£/7//Z^/77./3C*Rmram3T?nt3 pretensioned UJnnnniUfiiaBHBTWltlJ S13SSEU steam-cured HIS 
H8ffiR t su TBuJimBitmHrmnBtutfa 70/r(2i.3m)tiQmrirms1mams tn.901 Rmssmnu 
Rti|tnauJim 270-K grade stress-relieved strand tomSHtSfiBR l/2m(l2.7mm) HSStiHHi 1 


Tendon {jn ! til 3 harped BtiHIBttoRBfilBlRnmtljto 18.73m.(476mm) StitSl SH313t3 12.98m. 
(330mm) 1 RnTSimmRUm{Um3fmms1^ 0.40 iSityl3ttlCUH[UTlCUHRn 

UBRItil Bti UBmtsIUIBHIBlintll: 

a. uomfimtus 9 mntmtii 

b. uomfimtijs la m|fnmni5miauuiSm (topping) 

c. nisitTfTimniBmmumamiuim 

c* Li o in 

MBRtsimitiiiuiSmtiirantiBHaTtmniiiJtiiinBRTHiM 2m.(5imm) mftnstnmslH'im 
30 Its 1 IWMniB* IRMBRtsIRmtinTURaTfliaiRRinBIBi 18IH1l3ITRimfiBim strand i iRiinm: 

1/ tii Li l Li Li -o 


nmm&tthmtimumpmirnti 
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Figure 3.9 Flowchart for step-by-step evaluation of prestress losses. 
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Figure 3.9 Continued 
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Figure 3.10 Double-T pretensioned beam, (a) Elevation, (b) Pretensioned 
section. 

f\ = 5,000 psi SHS^rmtU (34.5MPa) 

/' C( . = 3,500 psi(lA. I MPa) 

noncomposite 

A c = 6 15m. 2 (3,968cm 2 1 
I c = 59,720m. 4 (2.49 • 10 6 cm 4 ) 
c b = 21 .98m. (55. 8cm) 
c f = 10.02m.(25.5cm) 

S b = 2,7 17m. 3 (44,5 20cm 3 ) 

S 1 =5, 960m 3 . (97 ,670cm 3 ) 

( HamamiamnSm) = 49] pi f { 1 . 2kN /m) 

W SD (HiamiiJlIUlSm 2m. ) = 250 plf { 3 . 65kN/m) 
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W L =40psf(\,9\5Pa) HBifaliJl 

f pu = 21 0,000 psi(l,862MPa) 

fpy = 0.85 f pu * 230,000 psi(l,5S9MPa) 

f pi = 0.10 f pu = 0.82 / py = 0.82 x 0.85/ pu =0.10 f pu = n9,000psi{\,303MPa) 
E ps =28xl0 6 psi{l93.1xl0 3 MPa) 

timrmjtmaj: 


f' ci = 3,500 psi 


E„; = 1 


15 1 ' 5 (33-^/3,500) = 2.41xlO f 


psi 


£ c = 1 1 5 1 ‘ 5 (33^5,000 ) = 2.88 x 1 0 6 psi 

StunRfntug §>: uiEunURmsnia 

A | U 

(a) Elastic shortening: 

mHMHRRH HgffimTRlitjlfiMmsIijHIffi 0.40x70 = 28 /i 

vt | Li ct cn. t/ a 

e 12.98 + 0.8(18.73-12.98) = 17.58///. 

HHliiJlcutRfintJsmtinsliRii 0.40 fsityti 


M d =W d ^(L-X) = 49ll y J(70 - 28) 

= 288,708/t -lb = 3,464,496 in. - lb( 39 1 kN.m) 
f pi = 0.10 f pu = 0.70 x 270,000 = 189,000/75/ 

MSfifiUn?mi3tUltlJfiTlJ elastic shortening Stimhimitolffifirii steel-relaxation 
= 1 8,000 psi , ISli net-steel stress f pi = 1 89,000 - 1 8,000 = 171,000 psi St3 
p i = A P Jpi = 12 x 0.153 x 171,000 = 313, 956/Z? 

+ =^ = ^720=9X11,+ 

A r 615 


28 


7 =-3- 

J CS A 


' e ^ 

v 7, 

V ' 7 


M D e 


313,956 

615 


! , (17-58) 
97.11 


2\ 


3,46 4,496x1 7.58 
59.720 


= -2,135.2 + 1,019.9 = -1,1 15.3 psif.IMPa) 


nvvmbitiimttfmumpfibiifiti 
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n = = = 1 1 .bz 

E ci 2.41 xlO 6 

A fpEs =nf cs =11.62 x 1,1 15.3 = 12, 958 psi&AMPa) 

ipwsimmfp f pi =189,000 psi ISIS net-steel stress 

fpi =189,000-12,958 = 176,042 psi 

BtilBJtimB f rs = -2,3 15.2 x 176,042 +1,019.9 = -1,178.3/75/ 
c * 171,000 

A fpEs = nf cs = 1 1.62 X 1,178.3 = 13,690 psi(94MPa) 

tiinrasti 12, 958/^/ imaracntiifimBmn8MmHt3Ht3TTiiiJitii 6% *i titnssrm 

V 1 -NJ 1 <=* U Lj V 

MBtmunmiis 10% ttftmtfisfms p. ^ 0.90 p, Hiarmimis *i 

vt> 1) vt ( J U U 


(b) Steel-Stress Relaxation: 

f py = 230,000 psi 

f pi =189,000 psi (HinHlBIJUnet f pi =111,000 psi ) 


/ = 18 1H113 


A f P R=f, 


pi 


= 189,000 


log 62 — log H 

10 

log 18 
10 


\f f . 
j pi 




\ 


fi 


-0.55 


py 




A 


189.000 

230.000 


-0.55 


= 6,446.9 psi = 6,447 psi 

Af pES + A f pR = 12,958 + 6,447 = 19,405 = 18,000 psi fTUMBH OK 


(c) Creep Loss: 


4f pCR - 0 


(d) Shrinkage Loss: 

4/j pSH = 0 

RtmnutiRarmaiBiRaiiJRMraMTHiufiiiinRrntiiB 

] Li ot 1 Li 

4 fpT = A f pES + Af pR + A fpCR + A f, pSH 

= 12,958 + 6,447 + 0 + 0 = 19,405 psi(\34MPa) 
naynararj strand f pi tslamstanm&ijs 9=189, 000-19, 405 = 169, 595/75/(1, \69MPa) 
tawnm p t =311,376/ 75/ 1 
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tonmnig la: nmaintGrnrtJiJmSmttfim maltntmuKtiHiaH'im 30 

U & in lit/ 

(a) Creep Loss: 

E c =2.88xl0 6 p« 

E ps = 28x10 6 psi 

n = El = »*«? 9,72 

E c 2.88 xio 6 


f cs = 1 , 115 . 3 ;™/ 
HHtiifltmnnrimiiJiiuiSm 2 in. 

v ui 


7 -v-\ / 2 sA 

M sd =W sd - (L-x)= 250 — (70- 28)x 12 = 1,764,000m -lb{l99kN.m) 

\2J V 2 J 


V 2 

- _ M SD e _ 1,764,000x17.58 _ 

CS T ~ 59,720 


519.3/™/ 


± c 

tmsutjTjm:tncu 30itstiiim:inni8MTHiurl9ntiiim:intiiiii3RuJim rnmnsiRMTHtuntHTtiunR 

t/ tu Lj e» l_iU nj Li 

|n!uinipu|maigint3S[ininrTitiig la ufimittJiHHim k cr isrjHfnn.ii iBHjBsrnatafi 

mtus m tatiftij (iHniSnniRfntiig tn mjfftuisi creep ) i 

rj|HiHrarri 3 SHS|rjitu iju = 2.0x80% = 1.6 1 usitinn nrjHfru 3.10 nuniraia 
tTUfitirmtitauimitijn creep 

U 1 U n 1 v 

A f nCR = «AT rff (/„. - 7 . )= 9.72 x 1.6(1, 1 15.3 - 5 19.3) = 9,269 psi(63.3MPa) 


(b) Shrinkage Loss: 

MBHflnimHtfjffl’lH (relative humidity) R77 = 70% 1 nfdHfTU 3.14 fiUTffiTJittlTJfiti 

rmaiiJnranjntiiHnnfniiHingimrintiimin 

U n u V 



S 364 

K sh =1.0 rJ|HlH pretensioned member ufslSS 
AfpSH = 8.2 ■ 10“ 6 x 1 .0 x 28 x 10 6 (l - 0.06 x 1 ,69Xl00 - 70) 
= 6,190 psi(42J MPa) 


(c) Steel Relaxation Loss tslffltll 30 tti: 

v 7 i «/ 
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t x = 18 XH1t3 

t = 30 Its = 30x 24 = 720 1H113 

Z tr 


fpe =169,595/75/ tnsnacunnfntus 9 


A/^ =169,595 


log 720 - log 18 
10 


169,595 

230,000 


\ 


-0.55 


J 


nunnntiMiuialRafininnmtiiB to r 


5,091/«?( 35 - 1MPfl ) 


A/', y - = Af pCR + Af pSH + A f pR = 9,269 + 6,190 + 5,091 = 20,550 psi(\42MPa) 
mnRBiBTtifitirsntiiBlnia strand uiuntiiHRtimiiJuuiSmn 


fsD= n f C sd = 9.72 x 519.3 = 5, 048/?si(34.8MPa) 

SGtss nm?nms1m3 strand iBltjaumuiafiiunrimtiig to r 

V 1 U Ct 1 U- 

f pe = / ps - A/ pr + / SD = 169,595 - 20,550 + 5,048 = 154,093 psi(l,062MPa) 


flirninmoja m: ttfntmnratnsfiiai 

MBRTiifiiHiuM creep im:innjtmBti shrinkage imrinnimjuJrotnBnMRiBlniaflnniR 
fncusto HBiRBisTairaBRninmRRMRitiiiB ufimimimnTtjfitHimrinwmmjM k cr sh 

vJ Li i) Li m V L-iv 

K sh 1 tftsiSS 


f pe = 1 54,093 psi{\ ,066 MPa) 
t] = 30 It; = 720 tHIti 


1 2 = 2 331 = 2 X 365 x 24 = 17,520 tmti 


RUTlRUtiRl3|inl3UJimtmi steel relaxation R 


A f pR =154,093 


log 17,520 -log 720 
10 


154,093 

230,000 


-0.55 


= 2,563 psi(l7 .7 MPa) 


tiBiB*Rti{mtiiBlRti strand f pe tsIairammsSMinmws CD R 
f pe = 154,093 - 2,563 = 151,530ps/(l,033MPa) 


Summary of Stresses 


Stress level at various stages 

Steel stress, psi 

Percent 

After tensioning (0.70 f pu ) 

189,000 

100.0 

Elastic shortening loss 

-12,958 

-6.9 

Creep loss 

-9,269 

-4.9 

Shrinkage loss 

-6,190 

-3.3 

Relaxation loss (6,447 + 5,091 + 2,563) 

-14,101 

-7.5 

Increase due to topping 

5,048 

2.7 

Final net stress /j,. 

151,530 psi (1,045 MPa) 

80.1 


90 


Partial Loss of prestress 


Jqp^pstjiBciwmsmsejnntji 


Department of Civil Engineering 


mfi imtBRUTlRUi3M ITT = lOO - 80. 1 = 19.9% U 20% MjWU pretensioned beam 1 


m.90. mjR[uimRtmnu^Rt 3 Tfnms 1 ni 3 GmmTtjfii 3 T?ntttji!Tfritij 

1 U <=* <=* U i U U 

Step-by-Step Computation of All Time-Dependent Losses in a Post- 
Tensioned Member 

qmwrafi MBfitiiRunfi 

* Li v* c* Li 1 Li Li s/t> 

umtfltUMU anchorage seating R l/4m. ttfitU strand mi3Hfj^!tnSSiniRi3inCUtjlHtIJm IslRil 
flexible duct 1 IWMrilBSMBfitjlRtnti jacking HIUHBinnnRRHIBmmfiUltttJimimiRtntiRRfi 
Stf anchorage seating R f pi = 1 89,000 psi ( f pJ = f pi MJinUMHR'U 3. Id M^HIUmomSS) 1 

drnmtffinm: 

(a) Anchorage seating loss 

A a =1 = 0.25" L = 10 ft 

nMHfTIJ 3.24 RUTlRUtiuJimtmiRinHtll anchorage R 

tSf pA = E ps = °' 25 x 28 ■ 10 6 = 8,333 psi{A0.2MPa) 

L 70x12 


(b) Elastic shortening 

tiJimtmiliJRtraRaTHiamaHMTRftnBffItTinaitItlltilHmRl tifsfSS elastic shortening 

Li i Li Lry ■\jct w ct y 

HSTRJtnSRRRflHSTmnnJmrmg <1 tfltUSfatU RlBRUTlRUtiRarfliauJimWlI elastic shortening 

Liu c* vJ -o o i Li 

1 l 

tSlRlJ tendon IS 1 tifstSS A f pES = 0 1 

(c) Friction loss 

MSRfflntitiinUtUiUM tendon TUUTIRTmUltUSflGJUfjjflfl 1 nMHfTIJ 3.23 

jj Li Li ot o 

8y = 8(18.73-12.98) - s 

x 70x12 J 

ntrmtt tn.nl tun k = 0.001 stf n = 0.25 1 usiuhr nqmumm tn.ti 

f pi = 189,000 psi(l,303MPa) 

nMHfTIJ 3.22 RUnnUflRflTfflflfSlRflftlmTUfTflTfflflftlltUMlJRHIflRRRn 

] Li ot Li ] Li cu 

¥ p F = fpi(f ia+ KL ) 

= 189,000(0.25 x 0.0548 + 0.001 x 70) 
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= 15,819 psi(l09MPa) 

Rarma!iJnnalMnh0lna!iJmTURaTsnaiTrnmriRimHutiBni3HMn 

1 Li ct Li ] Li Li 

1 

f pi = 1 89,000 - 8,333 - 0 - 15,8 19 = 164,848 psi{\,\36MPa) 
utitSS net prestressing force n 

p. =164,848x12x0.153 = 296, 1621b 
ItitU Pj =311,376 lb MUntiRIim pretensioned ISlRtigmUlitlfl 01. d 1 


StUTlRRlfUS 91 RttTfiimsItClCmtal 

1 U A 

(a) Anchorage Seating Loss 

RunRUij =8,333 ps\ 
net stress = 164,848 psi 


(b) Relaxation Loss 


A f pR =164,848 


logl8 

10 


164,848 

230,000 


-0.55 


= 3,450 psi(23.8MPa) 


(c) Creep Loss 

A / p cr = 0 


(d) Shrinkage Loss 

A / p sh = 0 

iJtiiasRaTinaiaiRti tendon i^GtiummstanmtiJs 9R 

V l U Ct •* pi 1 if. 

fpi = 164,848 - 3,450 = 161,398^/(1,1 13 MPa) 


SturiRRitus to: iTRitufiiGRiJijnmSmnjim maltcinmiRtitnaHioj 30 

U * in i i 

(a) Creep Loss 


Pi =161,398 x 12x0.153 = 296,3271/7 


7 =-£ 

J a A, 


l\ 

V ' 

f 


M D e 


296,327 

615 




1 + 


17.58 

97.11 


3,464,496x17.58 

59,720 


= -2,016.20 + 1,020.00 = 996.2psi{6.94MPa) 
ytslSS creep loss Pi 
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A f pCR ~ nK CR (/ cs~ f csd ) 

= 9.72 X 1.6(996.2 - 5 19.3) = 7,417 psi{ 5 1 2MPa) 

(b) Shrinkage Loss 

ngmtnjcLn tn.cJ stinfnnti m.S k sh =0.58 tsimra 30 tg isis 
A f pSH = 6,190x0.58 = 3,590 psi(24.8MPa) 


(c) 


Steel Relaxation Loss iSlfflffi 30 its 

i 

f pe = 161,398 psi 
Relaxation loss ffltlltil 

m 


A/ pS =161,398| 


log 720 -log 18' 
10 


161,398 

230,000 


\ 

0.55 

) 


= 3,923 psi{21 .QMPa) 
nmifitJi3Rl3Tfnl3Mrai^Ri3i3noififTinjs la r 

1 Li i ct 

4f pT = A / pCR + A / pSH + A / pR 

= 7,417 + 3,590 + 3,923 = 14,930 psi(\03.0MPa) 
ngmumm tn.cJ mnnsigramiTtrimsImi strand iiitminnitiinuaRuiaHiuMmiiJU 

vJ 1 U C* n ev. 

UlSmR f SD = 5,048 psi(34.8MPa) 1 titsiSS strand stress tBlBmjmmuwflnjnRmWB la R 
fpe — f ps -Af pT +f SD =161, 398-14, 930 + 5, 048 = 151, 5l6psi{l,045MPa) 


SfUTiRRitag m: ttfnmHimtflannsi 


fpe = 151 , 516 / 55 / 

t x = 720 1H113 
t 2 =17,520 itflti 


RUnRUtiRtiimtiltfimwiI steel relaxation R 


A / pR = 151,516 


log 17,520 -log 720 
10 


A 


151,516 

230,000 


\ 


-0.55 


y 


= 2,284/55/(l5.8MPa) 
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I^mi|UfniMaHtitS|paaqfflininn m.ti Wftnu creep Sti shrinkage, ni3|?fltiiSlRi3 
tendon f pe tSlQt3UmmstanmtlJS fn HISmHIiJUTIRliJiUlCUSti 
f pe = 15 1,5 16 - 2,284 = 149,232 psi(\, 029 MPa) 


Summary of Stresses 


Stress level at various stages 

Steel stress psi 

Percent 

After tensioning (0.70/ pu ) 

189,000 

100.0 

Elastic shortening loss 

0 

0.0 

Anchorage loss* 

-8,333 

-4.4 

Frictional loss* 

-15,819 

-8.4 

Creep loss 

-7.417 

-3.9 

Shrinkage loss 

-3,590 

-1.9 

Relaxation loss (3,450 + 3,923 + 2,284) 

-9,657 

-5.1 

Increase due to topping 

+5,048 

+2.7 

Final net stress f pe 

149.232 

79.0 


Percentage of total losses = 100 - 79.0 = 21 .0% beam. 

♦Frictional and anchorage seating losses are included in this table since the total jacking stress is given 
as 189,000 psi; otherwise the tendons would have to be jacked an additional stress of such a magnitude 
as to neutralize the frictional and anchorage seating losses. 


m.99. 

1 Li VI 

Lump-Sum Computation of Time-Dependent Losses in Prestress 
qmtnmn m.90: [fmfugmuinin tn.ti s-b m.£ tfrim approximate lump-sum method 

sm|tijmGjufusf3furafd!i i 

dtnmgitmttj: 

nfrmti tn .9 tn.cJ srm lump-sum method r 

Af pT = 45,000 psi{ 3 10 MPa) 
utslSS net final strand stress Pi 

V 


f pe = 1 89,000 - 45,000 = 144,000 psi{993MPa ) 

rihitjm / p6 ,lt3tupi[uisifjii5uris9= I5i,530p5/ 

fnmmsfLifn = 151 ’ 530 ~ 144 ’ QQQ = 3 9% 

' “ 189,000 

nmnn m.ta nunnuiawiuwtmuqmuiinji m.d stih lump-sum method r 


A f pT =35, 000/55/(24 IMPfl) 
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utstSo net final strand stress Pi 


f pe =189,000 - 35,000 = 154,000 psi{l,062MPa) 
mniurj f pe tJlcupmnsitji^uTis v = 149 , 232 psi 

154 000-149 232 

jTIPUtUgfilPn = = 2 . 5 % 

' ~ 189,000 

iramiSnitri fnn8MPTlJ!ll3?GltlCUPi[UlS1tjimrdl3 (PitUlSltil^UTISO) sa approximate 

-O 1 ct 61 1 1 

lump-sum method HlSmHRQ ItltUtJmifltrifdTinijfiJmrdlijnj Sl313H?mPiffimTBSsii3nnSg 

A cu 7j cy U n '■*> u 

^srjpntnsi 
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3.1. aHSTHrmHmrmmRt3Tmt3tilHSH1STmJt3?tlJt375 //(22.9m) ttRtUH8fT1fiTRftnStJi3initSl 
RtiitJS P.3.1 1 nHIBMtiHinHBRHITsinrinmiM W, = l,200p//'(l7.5&V/m) maHniWBHB 

ofc l) ct On Ll v/fc L 7 I J \ / «N. tr 

tflWIUMfl IuimfliaiTURl3TmatilHmBi3 stress-relieved seven-wire strands HRrBr 0.5m. 

<* U i U u n 15 - 

(12.1mm) QSS20 MJtfiJ 1 H[mBinimHUtil|URa|mtiMinilJim step-by-step method SiatfUjU 
113tUfltilHmBl3H1H1lJtlI99tlItnBUJim lump-sum method 1 SltilTRIHTfiMHRRHltitmfilinm 

U u cu u 1 Li'^>«i> 

f' c = 6,000 psi(A 1 AMP a) U1R13SHSRHR1 
f' ci = 4,500 psi(3lMPa) 
f pu =21 0,000 psi(l,S62MPa) 
f pi =0-70 f pu 

imrintu relaxation / = EcSTI 

c* 

e c =19m.(483 mm) 

Relative humidity R/7 =75% 

V / S = 3.0in.(l ,62cm) 

fdSR SD = 30% LL 


W L - 1200 pit (17.5 kN/m) 




(b) 


Figure P3.1 (a) Elevation, (b) Section. 


3.2. RtUlSlltflffi step-by-step method tt3 EUH1S EUR till lEUHR SlfimiRRl3E|tJRl3|fnmS§HHRjJ T 
^RhJlRR 10^(3.28/n)lBlRaq91umi/i 9.9 UJWtnBtJJlJtita 64//(l9.5m) Mftnmm: EE1EU 
relaxation RH =10% BtiV/S = 3.5in.(8.9cm) !Wmit^8|jmmM|jnURI[miaRa|mi3 
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friHs BmtifitiTmtitfinmHn msr sd = 30%ll i lalnaRiimiairanarmatiinfrim MBntjmti 

1 ] Li Li ~t> ct Li ) Lj Lj '•* ) 

X|fit3 jacking Mid HBinnJfiUnHUltttfimrmJfififl BtiUJimWH anchorage seating fi 189,000 psi 1 

3.3. Rtinaittfira step-by-step method ttitumStUfflUirriSHfi SjRtmRUm|Unt3[ffims deep beam 

juraraat3d? llisi^ itJtuittfialnaBuiniB 1.1 cmssHismjfj 36in.(9\Acm) i BHiBstnBTuliti 
iwa 34/t(io.4m) rj]]munr[iomt|unt3[frit3tiiHs i ijtJBgBmmaiiM 

lalnasumiB 1.1. l3HTUJl8TWimBUini9IB* StffdSRtfl relative humidity RH = 10% luimtitll 

ct bJ Li *' 

1 

IBtUHigiWmarilti V/S = 3.2 1 ntuisi steel relaxation losses IBlBtiBlBHmHBTOnfllffftilB 

U Lj vJ <£* 1 ot u <ii W U 

BtiiBlBtisnBus 1 

i <=* u 

3.4. fltUlSlttflffi step-by-step method ttiniHlSEUROfflCUHR SJntmRUm{URt3{Snl3mri3§HS[H 
finnmHRjj t Eju tsgmuunfi tn.d |pwsrafijm[pRt3(Ril3^t[rnmt^mi;|u flexible duct 
fdTH'ra tendon 1 fdSRtfl tendon HISRStf tjimJEU 1 nfltllfiJSfitjl tendon SltfHfdTRltnSS'im 

Li '■'fc ni V '■'*> L»u -vj 

naintufinmnim rmtll anchorage men A a =3/8m.(9.5mm) 1 SSSflJSItfHfd tidmStfSSSffi 
iBlnaqmumin tn.cJi HsmniTmstfmMmalBtnm 0.4 timsTmlflituflmtatirjsmi 

ot 1 Li ct <\ v U c> Li 


nmm&tthtnttimumpmirnti 
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Flexural Design of Prestressed Concrete Elements 

6.9. tfiJtimfjH (Introduction) 

fitirmanmjiwgtiwiBUBnaiaiTfTl gtimteciR'i nanirimiiiiBB fntjiHnntuieifitam? 

1 Li & & Lj v ct Li ct ct 

(pretensioned) tJiti 

fnimnjtiiitfnm (post-tensioned) ts i fitimimiHimBitnuiSH^HmBamniSMnMHSfnnniJH 

w Uu u 1 1 Li W 1 

immstism atifiBtiiuMuJmrafitirmti *i HsmnrnJuinniBJfTiinimniuMRaTmtjnmiJtiiTRJrTii 

nj U l U l Liu -o U 1 U Liu 

lUHiuRti BtiuJM usiuntss fiTRJtnBiR'JmR BtiifrnniRRiHmBBBiBtRtiBtii cusmnjtifnjfnei 
tugfnniamiiHni fnntfiu stietrimfus i 

i^ffirmisssffiMTHitjmilfnR8MmnsssffiitiRjifitntjri3THiufTiiR[uisi mjRiuisimtifffj 

ct Li | ct ct Li 

tiimilmm fiuainMBRninniiiHsmRBiiminTmiJtiiTRJiiaiTURaTsna BauBiuHRiRtnuitiH 

V ^ 8 1 U Liu U 1 Li c* r> 

RimRtslIRHSRIRmtiiaRinainiRlaTflia Si3RHlRHS!RS81i3iTfi1tnSit3lffifi3fRiTintJRHfi1 tic 

1 eu U 1 Li eu i o U ] ^ -V* u 

tastmti TRJmniriiRitiiRiiimHtiiiJiBiBRifJfTiH BaniiHimBiHSRiRiiJtiiHiBtiinimrMTHtiiBma 

Liu U Ct 1 e Liu 

sititatnafimBnntiiHntBiB* i titstnsn5mn£nRS9 nimm:tHmaBHtiifliBiuMMini: ttncu 

EU U v -OU 3 V CT J~l 

fnidficusiararj BHti couple SltJRtJ BaiRlWminniHgpMBIBRtHRtitll (superposition) [Rltns 
iRituialtRufininnrntiiiBfniiJinuBR i 

i 

iRRnnBiHBfnRraRamnHiaRatRitinRfRRti^Bmnnn^mBRatinaiBlinnitnRMtinu 
HSmmStUnBrdUrd raMBIUflUiniTlBjRTHjRIIlJigigtRlJBtil serviceability, niBfnrmtifTimiR. 
BtimnMRjfitiitjRti BiaitJm ms ntimmMsimsmuRmmnmmti raBntnBTRJiBmiTRRciBRT 

h i ir>ct n i U i Li Lru c Liu eJ 

niBHigtRiBlintiiitiiRHia c nmmti) BtiimBmnnimRiBlinwitiuBRiBR'ii ntltstiifinsfnn 

<X|J cfc EU ] Ll «n. <ij «=» V 

RcinfnsItnciJtnR i mj[RRnsRjmmssmsrmr:rd8isrdumuoisitii stfim{usitiimfmrasm§RU 

fnBttntutns luimiRinBTRUTRatnBBJRgntiiimnntiiBmuMfnniJiu Btimnimti t 

Li Li y ct V 

iRiraMnniJni3mMRitijRi3THii3Mi3R tmmtmmrjnriuRtBmrdFntijnaTmamcTitslRa 

Um E-J i U n UmuEd i U 

HSmRItJRti 1 ntilRlti (convex or hogging shape) ramH$RdtiiniHHi3Hl£H1S ItlimrHatiR 
(concave or sagging) UttiniHHtihjHlS tiBTrtJimiBlRtiJTJB 6.9*1 

\ in M v U* u Lfl-O Ct V 


98 


Flexural Design of Prestressed Concrete elements 


IqpMistiiBmnmsmsmnntji 


Department of Civil Engineering 


(+) Tensile stress 



(-) Compressive 
stress 

7 

(+) Tensile stress 
(b) 


Figure 4.1 Sign convention for flexure stress and bending moment, (a) Negative 
bending moment, (b) Positive bending moment. 


HatiBmatimnJiHtimuntiirmH RarmaraMiunalraruniiBimHflnninrntintiia^a 

V «=* n i 1 U i U Liu vJ 

mitfimiamtsi Bauannitsi i &iai|mH^miMiamafriii^RUBngii3iB8: 

• nrnmintiiHBinmnaiTtiRaTmaiBH p nHimssrRJtns^jnmmranarfnmsImfia i 

U i 6~i nj Li i U r eu Liu U i Li l 

• sHstticumtiHfj w n mBHitiigliWHaniH^HmBaRinaiTURaTmaiBH nirnsramaii 

e* lJ nuw cu U i U U n 

IBISTBUJimBTHWIHtTI (flHBHIBBTHIBlmuntllltllti) 1 

U U m U n e» 

• UBmtsIUIBHBiaHM W SD ttflHJIHBlti topping fd^HIU composite action finftnSHSffi 

IBlltlJHtin *1 

n 

• Rimnui3Rini3iraRtiTmtiitD:inni8utiniRHinB itinjsitmraHismimiiusffiR'mti 






ifunt3[mt3 p eo *1 

HaRiaBfuBmSrrmnininiintilHmBantjnHutiimlintiimiiiJtiiuiiintliHRri creep, 

n v * j c? -o -o u v cr 1 

shrinkage Si3 stand relaxation itjCUSTiSluCU net prestressing force P e 1 

uBmwMiflniinBHiriiWHamRHinBiTrnHtiinsimssiiJtiiBiiJtiiwiBfnrifiimmBlintiitnRi 

n U s S! £11 



could be zero - 
(decompression) 


(a) (b) (c) (d) (e) (f) 


Figure 4.2 Flexural stress distribution throughout loading history, (a) Beam sec- 
tion. (b) Initial prestressing stage, (c) Self-weight and effective prestress, (d) Full 
dead load plus effective prestress, (e) Full service load plus effective prestress, (f) 
Limit state of stress at ultimate load for underreinforced beam. 
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ras 6.1 q tiaimn^unstsfnj^fitJSR BafninTiJimnaTsnaiwHSfTimiJtiiTHJaarniiJiR 

V i/l -o <2j U 1 U 1 Liu 

usntnmkmssHtim rairaras ti.cn utiunniJnTfnHBmnBBaifiauBR sanuiGTsmmm 

<in w V m-oeJU di u Lj Li 

(ima min) MtinnfTiifliiinRfTiniiafTiii^nnBRmaninnjBBniriBntiiiBBHatiiwitJiHiJtmncii 

-dLi <2j U & d* V 

tn rn 



Figure 4.3 Load-deformation curve of typical prestressed beam. 


6.to. mn^MWMniRnjiitiinjiHi^msHSfnR 

Selection of Geometrical Properties of Section Components 
6. to.fi. tmrominmimsigtgl (General Guideline) 

trmHciinsimuamSmi BHTnJtnBMBntiitjiramnrmBHm (homogenous) smHsn&jtn 

Li 3 a d* O ct Lru '■'*> V 1 U ' id d* 

itfiminMBH ( itfimtmimiiritiBn) TsiRHiaMamTURaTmaiiJtmimBiBlraHaiMnBiinmMiiM 

l tunUiU is- \ & c? 
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lamiffifniuMnHiRmnatmHiras fltjiasintJiHBRHsrnHnHtiiHSfnnmBwiHiras (uncracked 

-O ct ct u U 11 ct] v^>c*Lj 

section) i milmRRaTmaiuMnHiniRaTmiaiTrnHtiinsnjimtiiasHBSMmrirnilfTinRaTmaraM 

' 1 Li c* Li 1 Li Li 8 a i c* i Li 



mnainiRarmaimsutinina umaHHfinmfltminjntiiriuBRtiitii uuBRBiaiTRltitBiBtRRufim i 

nj U i Li 'O. jj U U 

fltitnaiiSinialnafirm® Ji^miniiMrfiJtijRaaraMiiJmniRaTmatsinSnialTRtiHSfTiR 

V -o c* u U tu Li l Li if. Li i 

tTtnstain liB^HSfTlRnilinniiniaMTHIUBHBTHtmHm Bi3H8fTlRIt39THMTH1u5HtilU , l TilMSTO 

u ct v i n cs» U ct U mi Li Lj c* Li 

iRinRinratuintuifiaHSRiRBRiRiim HSRifiliJtiiinBtmuHBMiHTBinaTTiMBfnntiiauJimRii 

o Li U U i i i cu 1 Li Li cS» 

TTUTtnnjmcua aaRuniHnifiraRaialRiaRUBMaRtaHSRiRiiJtmRTRfRiitiiaiR *\ 

U Li 1 U U n 1 O* n 1 Lru 


(s.fa.S. H^tUHSmRHtTjmtfl Minimum Section Modulus 

iuHTROnm atiinjNMMHSRlR tilfiuaiRTRiRHilRHatllHSRIRIlJtllTRfRII S h St3 s' 1 

w U i u Liu v r 1 Liu u 

UiSara: 

f ri = Ri3THii3Mi3RHBtTnRHRunniaiRi3raRi3tTRitmntiiitiifnH5 HsstiBismmsnjti 

^ cl i u nim ctiU rfo cu i 

= 0.60 f' ci 

f.: =Ri3TfliaBi[nHBtTnRHRuitnialRtiraRi3iTRimintmtiifnH9 HBBtitnBRtinRTJij 

J it 1 Li 'o l m ct i U o. m i 

= 3jff i psi(o.25jff i MPa) (lHJflBUl§BRtHia*titlj 6jf\^psi\p.5jf 7 ^MPa) 
iSlTRi3STHfdTH1UHi3fiSmfdHm) 

Li Li Li f~l Li m 

f r = Rl3TRil3Ml3RHatmRHRUIH1ialRl3raRl3ITRimintmtina1inniIl3UBRIBRlI 

J c i U n i m ctiU c 

= 0.45/v u 0.60/v lalintiiHBtmRuJimRiJ 

f, = RmHitiBimHBmRHRmmiBlRaraRtiiTRimintmtinBlinwiauBRiBR'ii 

= 6^f 7 ~psi(o.5 y [f 7 ~MPa) nRHIBUlSBRtHIBStiro ]2jJ 7 ~psi(jf 7 ~MPa) tsl 
RtiTtinsHffiSM niMaraiRTRiRiiHimaifnniJinimrintiitm) i 

ct Li O I) U LfU u 

Rl3TRil3MnM81l3ITRitiimMl3ialRl3IURl3HainBBtill3Rl3TR1l3HBtTnRIlJtlItnBntunU81ti 

1 u Li n ct 1 1 Li 1 m U 

iShsjtu i 

iflimiraHSRlRHBMIHTBHRITtl* RIIMiauiBMHRlIRaTHiailJWtnBfiRtslSim 9. CD 

U i 1 Li Li a 1 Li a 

M|HnufinmRRiniiBRiii^RuaRitiji 39 HiaflBBii 3 i|fnH: 

fititfnmaltcmitp Stress at Transfer 
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fb = 


3_ 

A c 

f_ 

A c 


V r 2 y 

V r 


M 


D 


s r 

M 


D 


^ fti 


< f ■ 

— j Cl 


( 4 . 1 a) 

( 4 . 1 b) 


ta P; tiiRHnaininarfnaiBHi mmiTuuSmnauJmuM p iBHTBBnitnBRtHRiatRMTRRTjiti i 

I nj Li l Li u Li n m < Ej %j OJ ] u 

1 

?RM|jnufTiiHafHmi 3 HMinHatnanHiJtiifnri|uiMna*i 9 i 


ntiffrititUM9mm£mmf?W)tftrii Effective Stress after Losses 




p ( ec ^ 

r » i _ 

2 


V 


M 


J~- ft 


fb=—f- 

A n 


r y 
ecf 

T, 


M 


D 


Zfc 


rttirmtitauamGmiGtitmim 

i U 4 ^ t u 


Service-load Final Stresses 


f-p 


\ V 
D f 


\_ ec L 

2 


M 


fb = — 


L- V 


r y 
ec b A 
T^y 


-< f 

t ~ Jc 


m 7 


■±ft 


uJtu m t =m 


D 


M 


SD 


■M, 


( 4 . 2 a) 

( 4 . 2 b) 


( 4 . 3 a) 

( 4 . 3 b) 


Pf = RHii 3 i|TiRa|mai 3 H 

P p = RH 1 l 3 ITURl 3 TH 1 l 3 TUM 9 niriITRimiritlIBlRUtiRinaiTURaTHia 

<- ClJ Li 1 Li Li rP Li cu Li i Li 

t RnmaiinmMnMBiaiw stiz? RnniaiinmMnM 8 ii 3 i|RiH 

e= BIUTIrBrIUM tendon nBtUtjBHBJUMH 8 R 1 Rrafiti cgc (center of gravity of 


concrete section) 
r 2 = mmsmsBCbfnn 

S* /S b = HgtUH 8 RlRM«M 8 iaiW Bl 381 l 3 ItRlHIUMH 8 RlRraRl 3 

flnmRRlWtBRIBStjmRtritiMiaR (decompression) UiJlITlRmRBimamTHUTHtliniaiBtU 

i mn x A in vJ U Liu U 

lUMiiJRiiJnranmwriRinRaiaTainMUBR fnantanmtdlScijnHimranaTmamMSfnci p„ m 
HiriiRiiRiitJiuiRiJtii finniRRitii?iJtmiaRmaHi5mimRaTfliaMi3RiuMraRaiaiTRiaB? cgs rir 
tismticufjsi anturas cJ.cn) i iBlTRtstSnjriRRitmB* ulTHUTHWRtiTflitiiufitiitfnranmnjn 

v eJ v U U Ly i U i n 

decompression R 
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Sd 


ecomp 




(4.3c) 


BmnBBaiasnnniSfTiiMaHtsimTHUTHtiinaintu (strain) itjmitjr 13 BauJRiTURtiTfliauJtiiwfl 

Li Liu lJ x l Li 1 Li h 

^uialBaraRaimn5iHimmnRBi9iaiBRi3Tmi3!iJmMBi3mitjmt3*iBRaTmaraRai 

1 E-J e» vJ 1 Li i i Li 1 


(s.b.8.i. |manjHissiiniR§mamtpfia^ntit|utunj 

Beam with Variable Tendon Eccentricity 

nHItiBifitritiirafitirmmftHHJBti tendon ttitlJ harped U draped 1 t^SlSlGnJnfiBRHfi- 

c* n m Li i Li %i 1 M 1 y is- 

uimiHaiHMmalTRtiHsmnniininiitiiaMTHiuniniinHgTHtmHmi 

o-Ui n c Ci gsu m 

t ul til M S f\ th fi HI i3 1 T II R t3 T i3 T U M S ffl H in 

nj Li ] Li Li e? 

P e = yPi 

itJCU y ^tinnnjunmai|URa|tnailJtinBlMtli (residual prestress ratio) RUnfiUlHBRtntiltTJRti 

|tnan 

P l -P e =(\-y)P l (a) 


TUMBraRaTmaMiiM8ititTn1utiHiuMiuRatiimMaMHHtiiiBlBaRaTsnaHBtTnRriMHmi 4.ia 

U l U Ui i ei v i U i m 

sta b ima99tutnBmTHUTHniRaTHiaiB«TRitmntu&iRutiRHiaiTtiRaTRiaiJti&iatTRiH: 

tj U uu l U U eu U i U y U 


Af t ={l-yif ti + 


M 


D 


s r 


A fb =( ] -y) -fci + 


M 


D 


5 b y 


(b) 

(c) 


nra 6.6 (a) UJimWlIHHtiUBRItsIUtBH M sd BtiHHljTJBRHITSl M L tnBHini9llt3gHRa|tfiti 
fdS (net stress) IBlWIlW81tiIWfi 


fn=fn-^f‘-f C 

b fn =yfn-^-y) M Ji -fc (d) 

J 

Net stress IBlMItM8iai|RlHR 


fbn=ft-fci~ A fb 
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y fbn = ft ~ Tfd. - (! - r)^f~ (e) 

i>b 

nrjHfnj (d) sti (e) Hsmn!iJw^fi^MnMinaHgtiiH3fnHtit38ii3i|fnH 


ttrim 


gt > (l - y )M p + M SD + M L 

yfti - f c 

^ > (l - y )M D + M SD + ML 

C ~ ft-jfci 


(4.4a) 

(4.4b) 


'a 



(?) P, stresses 

(2) P. + M 0 stresses 

© P, + M D stresses 

@ P, + M 0 + + M l stresses 

(a) 


PJ\ 


‘el 


© 


6 


r 


-PJA 


C 


(?) P. stresses 
© P, stresses 


(b) 


Figure 4.4(a) Maximum fiber stresses in beams with draped or harped tendons, 
(a) Critical section such as midspan, (b) Support section of simply-supported 
beam (e e = 0 as tendon moves to cgc). 
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BnjnnSnliJniTHifniiuMiiJmTURaTsnaialTfltiHsmHnmsSiR fltstiiHsmnmuntiiinian 

IS- Lju U 1 U U l U Ot 1} 1 n e» 


=(/«■-/„) 


- \S‘ M 


D 


Pi 


(4.4c) 


tutu f ci ^Ri3|mi3raMranaia1innntii|Htia]iag|TifiBHa cgc rawHsrnnranti luim 


titnss 


Pi = fcA 


h 


(4.4d) 


fn 



© Pj stresses 
^2) P, stresses 

Figure 4.4(b) Maximum fiber stresses at support section of beams with straight 
tendons (stress distribution at midspan section similar to that of Figure 4.4a). 
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6.10.3.2. 

Beam with Constant Tendon Eccentricity 

SHtiJwtnaBnmRSRiiJmTTiRaTtnaitsitiinHiiJtiitnB tendon tiBRtiRiimBHiTtjRti 

ct if. Li 1 Ij c* Li y <zt c* Li l 

TmasTHrmHmQimrrdQ^fiJHismHtiJH t i ttfirafini tendon HistinjnRfaRthslTRtisTH fn5 

Li Li m Li cu ^ IS- Li Li c 

t hi tn hi s n t ?ii si ni g t si fi5 n si t nj t wi tij h s hi s fri i fri ^ u s tn qji i h qj t wi tn h h t3 u s n u t s h 

1 Li 'O V V <* «>• 

m d + m sd+ m l tJmfnQstintiiHjimsjfitii rj^Hiugmumss Hsmm|tn*§innMma1 
rmtetH luimfTiiriTiJimRaTmaialTHtiBTHTHitnauiJifTiialnaiug 6.6 (b) i dtstss 

Li Li Li i Li Li Li Lijj in ct TJ V 

1 

Af l =(l-rXf ti ) (a’) 

tuim Af b = {]- r )(-f ci ) (b ’) 

Net stress tslrunrumtittu MtHiutiinsimnamnfTinTrnmntJTiHutiR 

U S 3 & e” Li 

fn = fti ~ Af* - f c 

U fn=yfti-fcs (C’) 

tutu /..tiiRarmauamnmitiimMaialnainnai Net stress tsIrunrugimrmHruTHiutURgtiri 

uamgrrmunmnunnuian 


fbn = ft ~ fci ~ Af b 


u 

''A 

3 

II 

1 

(d’) 

nruHRiJ(c’) 

Sti (d’) HSR1RtutU[RJt|pMUfU[RjH1SHEjtUH8R1RuBS1r3tfRlH: 

ct ^ M d + M SD + M L 

(4.5a) 



ttnm 

c ~^ M D +M SD +M L 

(4.5b) 

*J h — 

ft ~lf a 


BnjnnBn!iJtiiTKfrnnalTHtiH8fTimTtn*thn flB^rniagTHMTtnuHsrnmiJtiiHiatiinimtTMiiJtam 

IS- Liu Li i Li <=* ^ l- 1 1 3 Li U ct 

St3Htt3tU[RJmnEJimrUHfrU4.5a Si3 b R 

ee=(f«-fd)^r < 4 - 5c > 
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TmnBHnmtiimmHaWHSmmUM nominal section THftnBtliJUTlialniaiUB 6.fc 1 IRHIBITBfl 

U V r 1 L»y Lfl -o c* V U 

RamniSMnMHsmHwintmaSuaRiafiiniiifTiiHimmi 


Table 4.1 Section Properties and Moduli of Standard PCI Rectangular Sections 


Designation 

12RB16 

12RB20 

12RB24 

12RB28 

12RB32 

12RB36 

16RB32 

16RB36 

16RB40 

Section 










modulus 
S, (in. J ) 

512 

800 

1,152 

1,568 

2,048 

2,592 

2,731 

3,456 

4,267 

Width, b (in.) 

12 

12 

12 

12 

12 

12 

16 

16 

16 

Depth, h (in.) 

16 

20 

24 

28 

32 

36 

32 

36 

40 


Table 4.2 Geometrical Outer Dimensions and Section Moduli of Standard PCI Double T-Sections 


Designation 

Top-/bottom-section 
modulus, in. 3 

Flange width 
b t , in. 

Flange depth 
tf, in. 

Total depth 
h, In. 

Web width 
2 b„ in. 

8DT12 

1,001/315 

% 

2 

12 

9.5 

8DT14 

1,307/429 

% 

2 

14 

9.5 

8DT16 

1,630/556 

96 

2 

16 

9.5 

8DT20 

2,320/860 

96 

2 

20 

9.5 

8DT24 

3,063/1,224 

96 

2 

24 

9.5 

8DT32 

5,140/2,615 

96 

2 

32 

9.5 

10DT32 

5,960/2,717 

120 

2 

32 

12.5 

*12DT34 

10,458/3,340 

144 

4 

34 

12.5 

*15DT34 

13,128/4,274 

180 

4 

34 

12.5 


•Pretopped 


Rina 6.9 iinmBiRtHHatiiHSRimgHSRiRBRiRiimfRti pci Miatfin snnta 6.1a imra 

v iu v r i i i tn 

Bf81R8tfHTRltBH8RlfiHRII T IBM PCI Mtitfll gtiHSRIRHRII I IBM AASTHO IlftiRl Rtitstil 

u ct u i O n iO iJ c* v 


HatlIB8RlRMIIM81l3It5igH8RlR9it3IBl«lJtlITRiRlIRi3RmiSMnMH8RlRBiJHMTB1BRlfJmR 

V T 1 1 Lry c* U l U 

ITRlBWRSimBBRIBRin Rinti 6.6 (a) tiwgfSIRWHRigntIBinjiBITR “as built” IS PCI MiStfll 

Li s a c? U n 

StiHSfTlR AASTHO BPtBfTint3 6.6 (b) tatUSlCUROniHSfTlFiJtJrj girder UJWITBiglRtiItittilti3 1 

i ' n if 3 l UctcjO 

tURMi: bulb section Bigig1fitiE|BMHg (appendix) C 1 
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Table 4.3 Geometrical Outer Dimensions and Section Moduli of Standard AASHTO Bridge 
Sections 


AASHTO sections 


Designation 

Type 1 

Type 2 

Type 3 

Type 4 

Type 5 

Type 6 

Area A c in. 2 

276 

369 

560 

789 

1,013 

1,085 

Moment of inertia, 

in- 4 

22,750 

50,979 

125390 

260,741 

521,180 

733,320 

h(y-y)' ' n ' 

3,352 

5,333 

12217 

24,347 

61,235 

61,619 

Top-/bottom-scction 

1,476 

2,527 

5,070 

8,908 

16,790 

20,587 

modulus, in. J 

1,807 

3,320 

6,186 

10,544 

16,307 

20,157 

Top flange 

12 

12 

16 

20 

42 

42 

width, (in.) 

Top flange 

6 

8 

9 

11 

7 

7 

average thickness, 
'/(in.) 

Bottom flange 

16 

18 

22 

26 

28 

28 

width, b 2 (in.) 

Bottom flange 

7 

9 

11 

12 

13 

13 

average thickness, 
h (in ) 

Total depth, h (in.) 

28 

36 

45 

54 

63 

72 

Web width, 

6 

6 

7 

8 

8 

8 

b w (in.) 

c,lc b 

15.41 

20.17 

24.73 

29.27 

31.04 

35.62 

(in.) 

12.59 

15.83 

20.27 

24.73 

31.96 

36.38 

r 2 , in. 2 

82 

132 

224 

330 

514 

676 

Self-weight w D lb/ft 

287 

384 

583 

822 

1055 

1130 


Table 4.4(a) Geometrical Details of As-Built PCI and AASHTO Sections 


Designation 

b, 

(in.) 

b, 

(in.) 

(In.) 

bw 2 

(In.) 

h 

(In.) 

b 

(In.) 

8DT12 

96 

2 

5.75 

3.75 

12 

48 

8DT14 

96 

2 

5.75 

3.75 

14 

48 

8DT16 

96 

2 

5.75 

3.75 

16 

48 

8DT18 

96 

2 

5.75 

3.75 

18 

48 

8DT20 

96 

2 

5.75 

3.75 

20 

48 

8DT24 

96 

2 

5.75 

3.75 

24 

48 

8DT32 

% 

2 

7.75 

4.75 

32 

48 

10DT32 

120 

2 

7.75 

4.75 

32 

60 

12DT34 

144 

4 

7.75 

4.75 

34 

60 

15DT34 

180 

4 

7.75 

4.75 

34 

90 




b, 

*, 


b. 

*1 

*4 

b w 

h 

Designation 

(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

(in.) 

AASHTO 1 

12 

4 

3 

16 

5 

5 

6 

28 

AASHTO 2 

12 

6 

3 

18 

6 

6 

6 

36 

AASHTO 3 

16 

7 

4.5 

22 

7.5 

7 

7 

45 

AASHTO 4 

20 

8 

6 

26 

9 

8 

8 

54 

AASHTO 5 

42 

5 

7 

28 

10 

8 

8 

63 

AASHTO 6 

42 

5 

7 

28 

10 

8 

8 

72 
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6.m. gsitfiin/iMitntjmjRnjimtpHtuRsn^tjamffnj 

Service-Load Design Examples 

d.m.n. GtimR^fimMttimmni3T?ntitramCU Variable Tendon Eccentricity 

qffitmnn tZ.9: HimmgHiijiRtitmaHSfnHHfyi t MpnuiSBimmtsma i §ms§His{mfi3 

60/?(i8.3m) si3|Rftnspt3iffiS|HfinHm 1 !iJmgifji3|ini3tiJnntuiaiRa5Hia*tHJtna harped 1 

1 

tm|uni3|tni3HBtTnHiuM aci 318 Building code i §ms§[Rf]^usm|rmmsH 1,100 plf 
(16.1 kN/m) aauamtsIUIBH 100 plf(l.5kN/m) S13BSH1S concrete topping 191 wanffltRIB 
§HIBMtfimittnURti9HBBHm (normal-weight concrete) ttitlJtna f' c = 5,000 psi (34.5MPa) 

itrimRaitniaranaialinwitii/'rfiMaa 75 % la f' c i iuimMBntsiRuiiHutim|MmBi3intiiinM 

rnrimmmiTmmBmwsa 18 % isnHimmnmtnmllH mim ultimate strength lUMitimruna 

nj Lj 1 Li ~t> c\J Li ] Li Li ] 

[tna f pu =21 0,000 psi (l,862 MPa) fd[BlU stress-relieved tendon St3 f \ = 12 ^f' c psi 

( 4 . TcMPa ) 1 

dramgfftnaj : 


y = 100-18 = 82% 


f' ci = 0.75 x 5,000 = -3,750 psi(25.9MPa ) 


l\U f\ = 1 2^5,000 = M9psi{5.9MPa) X^Rt3^?nt3Jt3frirmCTlHBuJHn nBffiMSfiSHSSS 
glUTlRtUIUltUBti 1,000 plf(l4.6kN / m) 1 
RlUlfiBHtittlCUtnsnSHSttlCU 

V ^ 

M d = — = 1,000 ( 60 ) X 12 = 5,400,000m. - lb(6\0kN.m) 

8 8 


ttfimHHiatatnBnnBfiuiBHn 

V 

M S d +M l = ( 1,100 + 100 X 60 ) Xl2 = 6,480,000m. - lb(l32kN.m) 

8 

HsmmrmjtiinMmaltminnintiittiialiJtiitiimaaHHtiHHuiHitfinriuamtji aauamtsi 

l U eJ n cx cu v & d* 

WISH tuimujimwil tendon TfiftilS harped iJBiBsnaniimfTimiBaHSfTimTtnstliRTHJtnBmmal 

t\ Lju a u ot Li i Li c* Liu 

1 

[Ria 0.40L ns|H ttitij l tiiicytigH i nfiiHfnj 4.4a sti b tmtitnB 

> (l ~t)M p +m sd + m l 

rfti - fc 


(1-0.82)5,400,000 + 6,480,000 
0.82x184 + 2,250 


3,104m 3 (50,860cm 3 ) 
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S,> 


> 


(1 ~y)m d + m sd + m l 
ft- If a 


(!- 0.82)5,400,000 + 6,480,000 = , L, 

849 + (0.82x2,250) v ' 


£1 PCI design handbook 1‘jTjfJnfd nontopped normal weight concrete double-T 12DT 
34 168 -di 

cu v r l U e 4 cu Lju 

tumm:H8mHiuMraHi3inaiJt38iaiTfnH: 

a i i v Lj 


A r = 978 in. 2 


I c = 86,072 inf 
r 2 = — = 88.0m. 2 


c t = 8.23 in. 


c b = 25 .77 in. 
e„ = 22.02 in. 


S 1 - 10,458m. : 
S h = 3,340 in 3 


e„ =12.77 in. 


W D =1,019/?// 
V 

- = 2.39 in. 

S 



Figure 4.7 Double-T Section (12 DT34) 


fiiuim strands 3iJ{fjSinaKjmj{tnti 

nras cS.nl gHasBitJniMBninaHtHtmigHasBtiimMai 

V eu ^ su e*J eu n 

u u 

nimBiHHtiftJwtnBtigHa^w^mMafiHHtiitJtiitnBrigHatiitijMBH 

v ts & n v '-*> 

M D = x 5,400,000 = 5,502,600m. - lb 

D 1,000 

fpi = 0.70 x 270,000 = 189,000 psi 

f pe = 0.82/ pf =0.82x189,000 = 154, 980/wi 
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wlmmjtitjnmsltnfmtji 


C1MHfni4.1a 


/ =- 


P (, _ecf 

.2 


V 


M 


D 


^ ft, =184 psi 


r J 


USTOHR 


184 = — 


978 


1 - 


22.02x8.23 
884) 
,978 


5,502,600 

10,458 


P =(184 + 526.16)— = 655, 223/Z? 
* v 7 1.06 


655,223 


= 22.66 luH tendon ititUtflSHtifiik 1/2 in. 


QSS tendon ttiEUTfifmJ = 

" u 189,000x0.153 

MIR CUTti tendon HtifiBfi l/2m. GSS 16 u)h fdTHTOHSfTmfiJiatflJ 

w n is- u U i n 

A ps = 16x0.153 = 2.448m. 2 (l 5.3cm 2 ) 

P t = 2.448 x 189,000 = 462,672»(2,058&V) 

P e = 2.448x154,980 = 379,39 llb(l, 6SSkN) 


P e = 379,39 Ub(\,6SSkN) 

M sd = 100 ( 60 ) 12 = 540,000m. - lb(6\kN.m) 

8 

M L = 1,10Q ^ Q ) 12 = 5, 940, 000in.Ib(lSSkN .m) 
HHtifirm M T = M D + M sd +M l = 5,502,600 + 6,480,000 


nfJHfnJ 4.3a 


= 1 1,982,600m. - lb(l,354kN .m) 


ft _ r e 
J 


1 - 


ec t 


379,391 


978 


1 - 


M t 

22.02x8.23^ 

884) 


11,982,600 

10,458 


= 411-1146 = -135 psi < f c = -2250 psi 


(c 


O.K. 


e e = 12.77m.(324mm) 

fti = 6 y[f\u = 6^3,750 = 367 psi 

f t = I2fjf = 12-^/5,000 = 849 pis 

(i) tsitncmtSi 

« 4 » 
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f = 

462,672 

c 

1 - 

V 

12.77x8.23^ 

978 

88.0 7 

fb = 

462,672 

r 

1 + 

V 

12.77x25.77 

978 

88.0 


-0 = +92 psiifT ) 


0 = -2,240 psi(c) 

< f ci - -2,250 psi 

{tiMsra f b > f ci , m|nii5migiMyrannmSn i 

a al ol 

(ii) 

i 

T - 7 A mi r n + 

-0 = +75 psi(T) 

0 = -1.840/w7'(c) 


itfnHmcitjamtsmi 

u * tf 

^ 12.77x8.23^ 
^ 884) y 

12.77x25.77 


ft = _379391 
J 978 
379,391 


/*=" 


978 


1 + 


88.0 


O.K. 


O.K. 


< fci = -2,250 psi 

89tlimRH8fnHMTinUtlin8[muamSmniJltmTU strand HtifiBsi l/2m.(l2.7mm) OSS 

w l Uas^c^ U n is- \ J u 

16 iBmSitUHisQnoinBmsImioituitua^ = 22.02m.(560mm) aaBomnSmaltsagTH 

is. nc^c \ / i* l Li 

e e = 12.77m. (324mm) 1 


» Li i U U Uu n 

Variable Tendon Eccentricity with No Height Limitation 

%mwinn (s.b : fmnsiHgmriHnji i MunngHiiJtiiHiainia 65 /*(i 9 . 8 m)?tfWHiBHgnjH 8 fnntiB 


simirmn BnTunarmaHarmHiJtitTiiiJtiitnBiinmialnagmuiiim 6 . 9 1 

U v U i U i m i} ct* 


S l itiEUfjnlmJ = 3,570m. 3 (58,535cm 3 ) 
S b =3, 780m. 3 (6 1,940cm 3 ) 


l c = 70,688 in 4 
/•* = 187.5 in 2 
A c = 377 in 2 
c, = 21.16 in. 
S'= 3572 in 3 
0 *,= 18.84 in. 
S b = 3750 in. 3 
w 0 = 393 plf 



Figure 4.8 I-beam section in Example 4.2. 
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Bmimierntn: 

itJimrmiHaniHSfnnialMnMBitiiti} aaMiiMBiaumHiSiiMm iRHiBiTtjMffMHs 

V X 1 Li wi> ct Li 1 

meiSmTstns i usiuHRlmfiHgmmsInrnus d.ti itinnTtjwffwttfimmjrmnroTti satRRTH! i 

1 U <ii l ot ^ Li e-J Litj 

ImnntimteBlinnntli 

1 U A 

nrjHmj4.4d 


f ci = fti~-r(fti~fci) 
n 


= +184- 


21.16 

40 


(+ 184 + 2,250) = -1,104 psi(c\l .6MPa) 


P t = A c / d = 377 x 1,104 = 416,208Zfc(l,851&V) 

M d = 393 ^ 65 ^ x 12 = 2,490,638m. - /ft(28 1 kN.m) 
nfiiHfru 4.4c BnjnnSmiJtiiTHfrnnalTntiHSfTinHHtiHHUiinialnnnitiiiniian 

is- Lru U i v no 


(/„■-/„) 


M 


D 


P P 

1 1 1 1 

3,572 2,490,638 


= (184 + 1,104) 

v "416,208 416,208 

= 11.05 + 5.98 = 17.04m.(433 mm) 

ttfltUfinJ c b = 18.84m. 3.75 in. fiJlfitlJJti 

e c = 18.84 - 3.75 = 15.0m.(381mm) 

TRSmta tendon taffiffni A = -^- = 416,208 = 2.2m 2 (l4.2cm 2 ) 
l j , u p f pi 189,000 v ’ 

o 2.2 «* 

OSS tendon = = 14.38 luH 

" 0.153 

MIR nijil tendon HRfiofi l/2m.(l2.7mm) OSS 13 UjH, A p = 1. 99m. 2 (l 2. 8cm 2 ), iuim 

mnairanarfnaiBHtiimMa 

£U Li i Li n 

P t = 189,000 x 1.99 = 376,1 10/fc(l,673iUV) 
[RRnSRjRl3|Rli3MnM8im|fr1rafjraRi3 


ntUHmi4.1a 


f'-p 

A, 


f ecA M 
V ~~F) 


D 


376, U0f 15.0x21.16^ 2,490,638 


377 


187.5 


3,340 
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= +691 .2 - 745.7 = -55 psi(c) (O.K.) 

nri3Hfnj4.ib 


fb =~T- 

A , „ 


1- 


ec^ 
r 2 ) 


M 


D 


376,110 

377 


S b 

15x18.84^ 
187.5 , 


2,490,638 

3,750 


= -2,501 .3 + 664.2 = -1,837 psi{c) < f ci = 2,250 psi O.K. 


IfnfifiaTtnmaltnnjjausmtsfm 

1 U <*. cr 


nfJHfTIJ 4.3a 


J ~ A. 


P ( £C ^ 

{ r 2 J 


M t 

If 


P e = 13 x 0. 153 x 154,980 = 308,255/6(1,37 1 kN) 


HHtifdJU M T =M d + M sd +M l 


f 


= 2,490,638 + 7,605,000 - 10,095,638m. - lb(\,\4lkN .m) 
308,255 ( 15.0x21.16 ^ 10,095,638 

377 t 187.5 J 3,340 


= +566.5-3,022.6 = -2,456 psi(c)> f c = -2,250 psi 

V L»d vJ n i -ci U i in 


f' c = 6,000psi 

f c = 0.45 X 6,000 = -2,700 psi O.K. 




1- 


ec b 

r 2 J 


M 7 


308,255 ( . 15.0x18.84^ 

1 “ 


377 


187.5 


10,095,638 

3,750 


= -2,050 + 2,692.2 - 642 psi(T) O.K. 

{RRnasijHSfnPitsuagtH 

natmaHatTnn f' ci = 0.75 x 6,000 = 4,500 psi 


f ci = 0.60 x 4,500 = 2,700 psi 

fti =3v7'd =20lpsi rJ[H1UR[UTltlJltyt3 

fti = 6V7^ = 402 psi MtHimwgiH 


f c =0A5f' c = 2,100psi 
fn = = 465 psi 

f t 2 =l24ff= 930 psi 
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(a) tsltnnntii 


Rarmi3Mi3nMiiM8itinrTiiuMH8fTinit3gTH 

i U n U i U 


h=- 1P t 

A c 


1 + 


- 2,700 = - 


ec'b 

r 2 y 


376,110 

377 


1 + 


exl8.84^| 
187.5 , 


titttSS e = 16.98m. 


tiBiBswmnjjti e e = 12.49m. 


376,110 f 12.49x21.16 ^ 

377 l 187.5 j 


0 


= 409 psi{T ) > f ti = 402 psi 
376,1 10 f | 12.49x18.84 ^ 
377 t + 187.5 , 


= 2,250 psi < f c:i = 2,700 psi 

!JBia«raiiJni3Hmi3lMiiM&ii3iWTRiaH8rnniwgTHiBHTaBtiimRRaTsna9i[Tini3raHa 

TjU Lii LiEaJu | u -\)ct 1 

sitfHM uiruraRafiJtiiinanMMtintfiaMTHinHsrTinias ufimnuBrnBimimltn 

U i i n U i -ci i 5 - 

(b) tsItcinmraBmcifnj 


f = - 


308,255 


fb=~ 


377 

308,255 

377 


1- 


12. 49x21 .16 
187.5 
12.49x18.84 
187.5 


J 


-0 = 335 psi(r)< 930 psi O.K. 

+ 0 = -1,844 psi(c) < -2,700 psi O.K. 


i2bibs imntsgBtumnnHraHainiRarsnaliJtiiinaHSfnHHmii rhm 40m.(i02cm) 

V u <* 1 U 1 U 1 iJn v / 

iraiUHtigHBnHmtainBIIMMia 6,000p«'(41.4MPa) frlHOJSti tendon HtifiSfi 

Li i ts i n ' \ / u n is- 

1/ 2in.{yi.lmm) t£30JH4St3mTin§fitSl PiClJTIflJt CUt3 e c = 15.0m.(381mm) Bi3BIimnSmBi|Hti 


H8fTlfi81i3Hi3 e e = 12.5m.(318mm) 

ttfimuat[u r c = 5 , 000 psi matamttfimjfsaa 

rtfmpnijffnij aijtin/nrrSer i 
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G.cn.fi. Constant Tendon Eccentricity 

gmuim £ i s jtm m g m tm an 6.1a i^mMBHtSimuituRatinatnaBninnBmtsn ituratta 

= 5,000 psi(2A.5MPa) ItlimRi3Tmt391fTlHBt7TinHHniHiraMra 

K43CT f t = 12 Jff =849 psi 1 

titnmgTtmnj: luicuoru tendon HisQtimnBmtiJ mimHHmRRnusmtiJ HHtitMuBmtsi 

U v. v & v & 

msH BiaHHtimRriHHtiHitsiTRtiHSfnmwgTHiuMaHtmHmiMMBT fltsiBsinrRfminBinHiBs 

«v. V v U i U ct m !J U II L»u ct 

uJimi|UH8mRttHa9tH i HgtOH8mRiiJwtHfmnBl|Hia9|HtiJwtnBriMHrni 4.5a r 


M sd +M l = 7,605,000m. - lb(S59kN.m) 

^T5tS§ M T = 10,298,438m. -»(l,164^.m) 

ttri rat ran r hi s mi tma hs mi Rtfs simim h 

i U i m v U 

fci = -2,250 psi 
f' ci = -3,750/75/ 

fti = 6V7~ = 367 psi M|tnUH8fnmW9|H 
= -2,250/75/(1 5.5 MPa) 
ft =849/75/ 
y = 0.82 

HswHBRifiuJciJTfiiRii 

u r i Utj 



lf,i -fc 



fiJSR W 0 = 425/7// 1 USTOHR 



10,298,438 


4, 035. 8m. 3 (61, 947 cm 3 ) 
3, 823.0m. 3 (62, 7 13cm 3 ) 


0.82x367 + 2,250 
10,298,438 


849 + 0.82x2,250 


mmanmfsmmammminfttiffntiwmmf 1 19 
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ftnrttujtttcufts §>: uJimtmi s' uJnjfnffni =4,035.8 psi Gtinta s 1 juransmeitsi 
ntigmumifi tJ.b tfBiBMTBNfiMHsmnHmn itinjms h = 44in. St5tjl3nmtsinl3?tjs tJ.di 

ct* y u 1 v in tt 5J 

nimrn:H8mHiuMfnnBiJti&iaiTmH: 

a 1 V Li 

I c = 92,700m. 4 

r 2 = 228.9 in 2 
A c = 405 in. 2 
c t = 23.03 in. 

S 1 = 4,303m. 3 
c b = 20.97m. 

S h = 4,420m. 3 
W D =422plf 


44" 

(112 cm) 


18" 

(48 cm) 

Figure 4.9 I-beam section in Example 4.3. 

nfJHfru 4.5c GnmnBmiJniTKfmiTHtiHSfnmwBTHliJtiitiiHsrnmTmstSiRn 

V- Lry Li 1 Li 1 Li ct 

e e=(fn~fcif p 

r i 

IS® 7 a=f„-j(f,i-fc,) 

23 03 

= 367 — — (367 + 2,250) = -1,002 psi(6.9MPa) 
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p. = A c f ci = 405 x 1,002 - 405,810/6(l,8056/V) 


titnSS e, =(367 + 1,002) 


4,030 


= 13.60/n.(346 mm) 


405,810 

ffjsjr t tiiti m{ti Rt3|?ril3i cu|R I m m 

A P 405,810 - 1C . 2(1 a a 2 ) 

A„ = = ! = 2. 15m.- 14.4cm" 

p f pi 189,000 v ’ 

iJtiiasimtiwinniTairaliJmraRaTfnaiiJtiiHiaHaHSH 1/2 in. 1 

V e-J Li Li 1 Li n is- 

QSS tendon ftiUJTttfffllR 

U Liu 

2.15/0.153 = 14.05 

tiBtBMTU tendon lllinhl.lmm) QSS 14 JfclH 1 tilEUSfsEU 

v Lj n is- \ ' it a 

P t = 14x0.153x189,000 = 404, 838/6(1, 801&/V) 

(a) ImtifititfnmaltntiJtBnaltK^HsrnRsiatiiJ 


nfdHfTlJ 4.1a 


ft = _Pi_ 

A r 


V r 2 y 


47 


D _ 


404,838 


405 


1- 


13.60x23.03 

228.9 


-0 


= +368.2 psi(T )=/„•= 367 
nfdHfTlJ 4.2b 


O.K. 


A = --?-| 1 +^ 


47 


D 


404,838 


405 


13.6x20.97 

228.9 


= -2,245 psi(c) = f ci = -2,250 O.K. 
inRHiBiTuniHmtiiB*MTHiuH8fTinn[iintii?tiit3tia!iJi uJimRniBHirmSn 

U su U i n o 15 - 


(b) 


P e = 14 x 0.1 53 x 154,980 = 331,967/6(l,4776/V) 
HHtirjra 

V 1 

nfdHfTlJ 4.3a 


47 i — 47 q + 47 + 47 ^ — 0 


— e 

J ~ A„ 


P ( ec ^ 

r * | _ gc f 
2 

V r J 


331,967 

405 


f 


1- 


M t 

13.60x23.03^ 

228.9 


- 0 = 302 psi(T )< f t = 849 psi 


nfdHfTlJ 4.3b 

fb =- F r 

K 


ec b 

r 2 y 


M, 


331,967 


405 


1 + 


13.6x20.97 


228.9 






O.K. 
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= -1,841 psi(l2.2MPa)(c)< f c = -2,250 psi O.K. 


(c) lfnRRa|fnm3linmiauam§mrei3itfnffii3lR[iiTi[iJ?tya 

HHtirjm M t =M d + M sd +M l = 1 0,298,438 in. - lb 

!Jt3ia*Ri3TsnaMnMBiaiTrr1raMiunaiiJnra[ijntiiri m t r 

U 1 Li Li 1 n 1 



tftnss RarmaMiiMBiairrrlraMraRatiaiTrnBin 

V 1 Li Li 1 1 Li 

f = +302-2,555 = -2, 253 psi(c)= f c =-2,250 psi 
f b = -1,841 + 2,330 = +489 psi(T ) < f t = 849 psi 


O.K. 


SSCUtHRtnS 


titslSi SSCUtlJRH8fTlfifiTlRCU|l3tutUHlSQ[lJnRB?nijJ e = 13.6i/i.(345wm) MTH1U 

U X) 1 E*J V- \ / Li 


t s.6 . mmtjwnwHSfnri 

U i e ct Li Liu 

Proper Selection of Beam Sections and Properties 

G.d.fi. fmcurmnfitnnmgtgl General Guidelines 

V 

HSRimUfitiinjRtiTfiilaHBtiB steel-rolled section IS ITtTl*flHB91BinBtlIR[m:MtifllI 

I 1 Li i U y U an 

inmiturmsliffftin RiaRinJi^iiBBlMRiRimBiiTR^auSTRJlRiiSMnMrainBHSRiRiBHTiTu 

~o ~o vJ ot Li c> Li U n Liu Li Li i E*J Li 

l l 

JtnMIBlRtiRintilBlS 1 IBlRanilRimBlgHBpiMlHtTlfTlRllBB tstflffiH cgc St3t8J cgs itiUJIfi 
Wl[mjlB[iniR§R e MH1H1TRigiBl3Rinl3iniRl3TRil3IlJtlITRjRin 

n IS- U cu Li l Li Liu 

tiisisl iRsmHRMait^muuHHiaR[iiTitiJiojmTmgJiHisRmat3imR t i biutirBribI 


namiRiuiBn MtHnuBiunRSHB iRTRJmiTRsriitiiuRaiBlMiiMmaiWBiiJn iJbib* hsrir 

c* Li is- Liu Li vJ <in \ U 1 

HRIIT BaHSmRHRIII tomBftnUBtilHSmmiJtllftnRMHI tilBIffl HSmeiSItitititSiatjlHS 

O i O CU 1 U 1 1 1 


RIRIEIJSfH SUfflJCTIJ anchorage zone failure 1 

HSRIRltijaiBjRIlJtmRBmHIlSlpBIlJlR HSfTlRHRJJ T EjU *1 H8R1RIB8UIBHHR|Utffl1tjB 
ifflHsmRHRUT iffitinBHTfnntnmrMtii BaiMimnRtimnwRiJiR Btithffhn ras 6.90 utfien 

1 O E-J LlW«N.ct vj U Ln ‘■'O 


tendon HtifiSfi H 2in.in.lmm) GSS 14 Mil HI 

n is- ^ ' i) 
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nrainsHsmmiJtiiinamHiratiiBigl i HsmniJiBiBtniJtitiiRTinninmjniania (hollow-core slab) 

Li l L17JI i_l tj Li Li ot x ' 

1 

HsmnHHMiHTB fiTnftnBiTtfrjiBiBltiauJn atuntii imnjHsmninBfmTjtiBwiHimHsmflBn- 

l lUUuUv Ui £UU 1 i 

imimmBiiJtiimBRHMiJBmiilimHBinBtnRuianMMtiiiamirimBi ms imniHSfTiRBRtfnimtji 

n v ct in in U i i 

girder ttlCUH 1 StCya| 1 

imraHsmRHmi i ^ruinBBHRTHiwfiJniinBRTHinisniiMmMtnnriitiiMTHiunm^aufl 

Li i vJ Li cfc Lj Li a Li Li U n 

QtuiRJtiffiSitlcuinstcuiaifm tfiBtBl imraBiruHsrriRHmiTiiJtiiHiBtmnBiaiTrnHBBiJti 

n «=» V U U l O tu Li is y 

titiimtsimaras 6.90 (d) iBlntiirafatrijnnB i imniHSfTin t sutfhtiBWBroimisIntiTtjnB 

in -nj cx, y x ' ctuunn U i r v v <=t Li e» 

iii i 

RTtncustinrardHRiJ ntiBfrimn^tiutiBtuimtims iihmtmimmitiaiBMRHfnnMHiMiuMtmu 

Li a y Li U n n U eu 

oBiaiw tUtutnssstin 10 ft tel 15 ft i 

Rtinwniiuniana^BntnnHHmBMTuiiJTianaliJtiiinBSiffftitiiRTintiisimtnBBmaiJim 

Li Li ct i_J c=t y Li ct vJLi a 

TfJEU i inHiBiTmnruiuTitjnaniHutiiiRnHMTinmtiitiiiia IflnnnftntiifitiiranBRTHitiiniijnn 

Li u Li Li Li ot Li c n Lie’Ll 


fdlS (segmental bridge deck system) 1 fitlfTlfi JR (segmental girder) ISSHISEUSfnnStjfTlJJHEUG 

tiRmtimmtumsmnsumjnmmsHS8srarjfiRtiil3Tmfi9H8rrieimnsnunl3Tfnt3E3tsi;stfi t i 

LJe? tv nj Li l Li e? Li l Li U 


(a) 


□ 


c 


(b) 



IP 


□ 


<0 (d> 



(e) 






(i) 


Figure 4.10 Typical prestressed concrete sections, (a) Rectangular beam sec- 
tion. (b) I-beam section, (c) T-beam section, (d) T-section with heavy bottom 
flange, (e) Double-T-section. (f) End part of beam in (b). (g) End part of beam in 
(c). (h) End part of beam in (d). (i) End part of beam in (e). 
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(a) lower kern point !lSi31RRtnSRl3|?fll3Sini 

lalMiiMBiaiwiuMHSRimuna i 


(b) pMBIURmai|URi3|inl3HiaHiriialBli3IW upper kern point flsmRRHISRti^filtimni 
IBlMIIM&iai[TTlHIUMH8RinraHa 1 

iRHiQRtuiRQnnQrjtiJSiarm BtisitiiaaiaisjMiHTgntnTnnMHSRiHsnHtiiRimriJBm tit? 



fJtbfJTHIUHSRlRQRiRinil 1 

«=* Li 1 l 



Figure 4.1 1 Central kern area for a rectangular section. 
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e b =(c 


kb) 


(4.7b) 



(a) 


»v 




<c) 


P, X e 
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W) 



Figure 4.12 Beam with straight tendon, (a) Beam elevation, (b) Free-body dia- 
gram. (c) External load balancing moment diagram, (d) Prestressing force bend- 
ing moment diagram, (e) Typical stress distribution in sections 1, 2, and 3 
(Equation 4.3). 
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<e> 

Figure 4.13 Beam with parabolic draped tendon, (a) Beam elevation, (b) Free- 
body diagram, (c) Externa! load bending moment diagram, (d) Prestressing force 
bending moment diagram, (e) Typical stress distribution on sections 1. 2, and 3 
(Equation 4.3). 
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post-tensioned 
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(e) 


Figure 4.1 4 Beam with harped tendon, (a) Beam elevation, (b) Free-body dia- 
gram. (c) External load bending moment diagram, (d) Prestressing force bending 
moment diagram, (e) Typical stress distribution in sections 1, 2, and 3 (Equation 
4.3). 
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(b> 



(c) 

Figure 4.15 Cgs envelope determination, (a) One tendon location in beam, (b) 
Bending moment diagram, (c) Limiting cgs envelope. 
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Figure 4.16 Envelope permitting tension in concrete extreme fibers. 
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Figure 4.17 Cgs-line envelopes for the prestressing tendon (1 in. = 25.4 mm). 
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Figure 4.18 Reduction of prestressing force near supports, (a) Raising part of 
the tendons, (b) Sheathing part of the tendons. 
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Concrete 



<a) 


Cracks spalling 



Figure 4.19 End anchorage zones for bonded tendons, (a) Transition to solid 
section at support, (b) End-zone bursting and spalling cracks. 


Tensile stress path 




Figure 4.20 Idealized tensile and compressive stress paths at end blocks. 
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Figure 4.21 Development length for prestressing strand. 
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Figure 4.22 Principal tensile stress contours of equal vertical stress at anchor- 
age zone (eccentricity e„ = 6 in.), (a) Contours of stress, (b) Stress distribution at 
4.5 in. above base, (c) Segment of beam elevation. (Nawy et al„ Refs. 4.7, 4.28) 
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Figure 4.23 Post-tensioned beam end-block forces, (a) Beam elevation, show- 
ing transfer length l t (b) Free-body diagram ABCD. (c) Fiber stress distribution 
across beam block depth, (d) Moment values on crack surface AB for all possible 
locations y across beam block depth. 
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(e) Three symmetrically located bearings 


Figure 4.24 Schematic of Compression Strut-and-Tie Force Paths (Adapted 
from Ref. 4.18). 
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(a) Strut Development 




(b) Strut-and-Tie Development in Multiple Anchorage Flanged Section 
Figure 4.25 Strut-and-Tie Development. 
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(a) Rectangular section 
Concentric P 
T-0.25 P 


(b) Flanged section 
Concentric P 
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(c) Flanged section 
Eccentric P 
T-0.50 P 


Figure 4.27 Strut-and-Tie Idealized Trusses in Standard Concentric and Eccen- 
tric Cases, ACI 31 8-99. 
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c b = 18.84 in. 

tiBIBSBmmnMJlWSItiipHnJMBH =c b -e e =6.35in.(l61mm) 

fiiTHIUBHItliSTU^SHSmfd tendon HtiRtaR 1/2 i'/i.BBB 13 pBh= 6.35m. [fajlwmittTBIHBH 

U V U 1 (/ nut V Li ot 

rmnniTtinumitutiitintintiBSitinniH 

Ed U tJ v L> 

tinting 9: 5 tendon PSltJHltU 2.5 in 

li 

timing to: 5 tendon PSltsHlffi 7.0m. 

u 


tinting m: 3 tendon PSltsBIffi 11.5m. 


li 



GH'ltBPSSPPJtiSHSrafii tendon = ' ' - = 6.35 in. O.K. 

t/ u i t/ | ^ 

2. Ultimate forces PSlfiiltiJPtifiPS tendon Sti bearing capacity JtifjPtiRtS 


Rtflti P Ml tinting 9: 5 xO.l 53 X 270,000 = 206,550/Z?(919UV) 
Rtflti P b2 tinting to: 5 x0.153x 270,000 =- 206,550/Z?(919^TV) 
Rtnti p u3 tintins m: 3 xo. 153 x 270,000 = 123 , 930/z?(55iuv) 


mmmmfsmffftifmettitpntiiptiftim/ntt 1 5 1 
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3. Elastic analysis iSRHlfci 

IBRRHMnHtilBIltmiJtllinaRHM 4 in. tiBUttHTUBlRtiJUg tS.l£3Cj(a) BtiMBRTjlRtiTHIti 

net lJ n V in ct 5J v ' ~t. i u 

raHaraMBntRBHm9i^aRaTsnaiBiTHiaHmiuMBntmBi8 *i uBiuHRHimBimnJiBHHtiiiJtii 

1 i_l w wb l Li Li vJ U <ii V 

unmfunm3Tfni38it3m3 Bamnairanarmasitinni r iBtuBautiuJnaHm9i3HTR[iiin net 
moment iSiitUHSfTlfi 1 Net moment HRtlJH1Si3RhnRS?fli3JtJfj potential horizontal bursting 
crack BtiiiJmiJniTHfiJimBmmimiimHiTusiiJtiiBaifininBiBis i ituhettiur (+) MTH’iuHHia 
lth]fJU{ssBsisjm i nqmuimfi tJ.b RHitii|TiRi3|maiBHHBititii8iHnSn P t = 376,no» 
(i,673kiv) i nras tJ.tatf HHamaRmuRmsirnaua 4m.nrjnrj8irnrfnHR 
M c4 = 2,117 x4x18x (2 in.) = 304,848m. - lb 

= 0.3 • 10 6 m. - lb(34.4kN.m) 

BtilBltRijyij 8i'n.riMnM81i3I|RlHR 

M c8 = 2,1 17 x 4 x 1 8 x (6m.) + 1,85 1 x 4 x 18 ^ 10 x (2m.) 

= 1,121,856m. - lb = 1.12 • 10 6 m.- lb(l27kN.m) 



Figure 4.28 Anchorage zone stresses and moments in Example 4.6. (a) Post-tensioned 
end-block zone, (b) Transfer concrete stress distribution across depth, (c) Net anchorage 
zone moments on potential horizontal cracking planes along the beam depth. 

HHafiBimraRmmmslTRiTOtt 8 in. nMIIMSItitTRlHR 

V CU Li 1 Li Li tu Li 
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M c8 = 376,1 10 x (8 - 6.35) = -620,582 in. - lb 
= -0.62 ■ 10 6 m. - lb(l0 . 1 kN.m) 

Net moment H = 1.12 - 10 6 - 0.62 ■ 10 6 - 0.50 ■ 10 6 m. - lb(56.6kN.m) 
mHirafutitiPn itrmmtsjfi net moment MTHimkifRtitsigfR tiriffimHrafjJiTRltnsnftJtnmsI 

u tl ct Lj lJ lJ nj Lm U 

d.H 1 nmnmsi net moment HRUJHlH + M max = +0.75 -10 6 in. -lb(S4.6kN.m) 

6.35 in. H M it PJ Sim jTTl H JU MG H (bursting potential crack effect) itfiffi 
— Af max = —0.20 • 10^ in. — lb ISl^M 24m.(64c/n) H81l31WMnM81l31|mHrafjf H (spalling 
potential crack effect) 1 


Table 4.5 Anchorage Zone Moments for Example 4.6 


Moment 
plane 
dlst. d 
from 
bottom 
in. 

Section 

width 

in. 

Stress 

at 

plane 
(d - 2.0)* 
psi 

Concrete 
resistance 
force at 
( d - 2.0)* 
lb 

Moment M p 
for a P, 
about horiz. 
plane in 
col. (1) 
in.-lb x 1 0 6 

Moment M c 
of concrete 
in col. (4) 
about horiz. 
plane in 
col. (1) 
in.-lb x 10 6 

Net moment 

(M C -M P ) 

col. (6) - 
col. (5) 
in.-lb x 10 6 

( 1 ) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

( 6 ) 

( 7 ) 

0 

18 

-2,250 

162,000 

0 

0 

0 

4 

18 

-2,117 

152,424 

0 

+0.30 

40.30 

6.35 

13.3 

-1,851 

103,656 

0 

+0.75 

+0.75 

8 

10 

-1,585 

63,400 

-0.62 

+1.12 

+0.50 

12 

6 

-1,319 

31,656 

-2.13 

+2.25 

+0.12 

16 

6 

-1,054 

25,296 

-3.63 

+3.54 

-0.09 

20 

6 

-788 

18,912 

-5.13 

+4.94 

-0.19 

24 

6 

-522 

12,528 

-6.64 

+6.44 

-0.20 

28 

6 

-256 

6,144 

-8.14 

+7.99 

-0.15 

32 

6 

-0 

-0 

-9.65 

+9.61 

-0.04 

36 

18 

+276 

-19,872 

-11.15 

+11.13 

-0.02 

40 

18 

+409 

-29,448 

-12.66 

+12.65 

-0 


*d = distance from plane about which moment is taken less half the depth of one slice (in this example slice 
depth = 4 in.). 


4. Pi [HI SI anchorage reinforcement 

nMHfTIJ 6.99 Smt3lffiMSRtTlHRnUfjRH1l3SinitJm|J T mslTfUitsH'ltU x~15 in. 

\J tu cuJ U is 

itrkissEUfns 


T = 


M, 


0.75 ■10 t 


h-x 40-15 


= 30,000/Z?(l33kN) 


mmn/isjfsmmammtitimaffntiftimmf 1 53 
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/, = 20,000 psi (RansmiR o. 60 / y = 36 ,ooop«' > 


Bursting zone reinforcement R 


/ 4 , = — = 


30,000 


= 1.50m 968mm 


(968mm 2 ) 


/, 20,000 

i3bibs tmRUJjafaRRauBtjfi #3: (a, =2x 0.11 = 0.22m. 2 ) 


1.50 


BBBUJfifitiUJUJTfiffTlI = — — = 6.82 RtJ 

U uu A 


0.22 
Oc 


ITtlUJRRia #3 GSS 6 m 3 UIBHniWUlRRaMTHIUgUBtiRinaRlRI 

U 1) O. Li EU 

Spalling zone force 


T = 

-*• e 


- 0 . 2 xl 0 6 

40-15 


= 8,000/Z? 


astss 


A _ r, _ 8,000 

5 /, 20,000 


(250mm 2 ) 


atnss imams 


= 0.40m.” 250mm 


0.40 


GssiaRRa #3 tacuT?if m?= — — = 1.82 na 

" u 0 .22 

ifpianna #3BssnmamsmsjRi 

amss BBB?aRRaMIU= 6.82 + 1.82 + 4 = 12.64 Ra 

V u 1 

nmaRRausfjR #3 rss 12 Ra i aimaRRaumtmslRaRusrjafnslRaras 6.10011 

U u v- <=* n ct v 

aimaRRa #3RcmRnRi 3m. laimRRnHRnslHRi laimiaRRasHmmmfaHrnHmsaR 

ct OvJ u n xi 

tuiR 3m.nsaRHi tuim aimaa #3 rmfa 10m. qss 4 tBmatumsRtuiRnRi 3m. rrohriisI 

1 ct Li i) c* O 

HRjSamSRtUlR 2 in. ni$maGa[RaSRia anchorage taimfiTIJhJIHl|tJ8mt51RRmSRlHSfi3 
umjj sasmiaR 1 |!JMSramSR|H!RimJfjamRRJ IfifHJtllBH spiral reinforcement RSiaiftTIH 
anchor 1 


(b) ntatftntmflim plastic Strut-and-tie method: 

1. TJlSfiRIIB tendon latUmSGtlfTlRBR e = 12.49m.(317mm) 

nqmuimn 6.I0 c b =1 8.84m. tiBIBSBmmnMIlWIUMgH =c b -e e = 6.35m.(l61mm) 
fdrmUBmmsm^SHSmrj strand HaR^R l/2m. GSS 13 tSHtatlRMSa 6.35 in H 

u v u i «/ nut xi 

MlltilBiaiTRlHIUMBH imRtmaRURnftJ tendon tiltinaRiatllBIBBirimriMIIMSiaiTRlHaB 

Li c* w lJ x) Litj 

fiiffl: 
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tinting 9: 5 tendon ISljTiti 2.5 in. 
timing to: 5 tendon tsl^rria 7.0m. 


tinting m: 3 tendon lSl(Stt3 11.5m. 


GBIffitSSTtjtiSHSnJfj tendon = 


5x2.5 + 5x7.0 + 3x11.5 
13 


6.35 in. O.K. 


2. Ultimate force ISlntitintinJtJfj tendon Si3 bearing capacity mfijlUKti 
RH1t3 P Ml tinting 9 : 5 X 0.153 X 270,000 = 206, 550»(919UV) 
ntna p b2 tinting to: 5 x 0 . 153 x 270,000 = 206 , 550»(9i9uv) 
nniti p u 3 tintins m: 3 xo. 153 x 270 , 000 - 123 , 930/z?(55iuv) 
nnitifdtin ultimate MIU = 206,550 + 206,550 + 123,930 = 537,830/Z?(2,389UV) 


tngpltiftimmfii rigid bearing plate UjOT[S Supreme 13-chucks anchorage device 
-14x11 + 6x4 = 178m. 2 (l 13cm 2 ) 

con QO/") 

Bearing stress tiinthJti f b = 1 = 3020 psi(20.SMPa) 

178 

nfiJHBU 4.16(a) Sti (b), bearing pressure HBmnnnmmiBllimtJHtin 
f b <0.7</f ci ^A/A g 


f h < 2.25#’ d 

fjsntii iiMfiitiiunatiuaialintiiititiiianaTnian ■ = 0 . 75 /v 

1 C 11 W ]Ll 


= 0.75 X 5,000 = 7, 750 psi 

tngjl itisSn A ra&hunttt tiEUHIS bearing plate = 18x14 + 10x7 = 322 in 2 


Bearing stress HSCTTin f b = 0.70 x 0.90 x 3,750.Jp^ = 3,178 psi > 3,020 psi 


322 


Bearing stress nfiJHmi 4 . 14 (b) HHtllUl 
3. n? strut-and-tie model 

V 

mliaBHimfiira a iBlnarag G.btf ifiantna p iA Bti/>, = 11 . 5 - 2.5 = 9 . 0 m. 
tiBIBSBHim al 2 HH3 anchorage =9.0/2 = 4.5m. 
fdti strut-and-tie itiimfilBHfltiBUiJlfTlialnarag 6.to£ 1 

'■* y U1 -O c* 1) 


O.K. 
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ginniimHiTHMTHiuinuflnHiaiiJRritie 1-2 st32 — 3 tticumsmHnRtiraia 26.5/15.5 

Li Li in cu eu V 

atj 13.0/15.5 nftiRi 1 nfmstslfrm truss islmmis 6.1ad itfimgBWtnBRtritiHtiRtiBS'tti 

Uctn <=* v u eu n v 

ifRiH: 

o/r <r 

tie 1- 2 = 123, 930 x — = 211,982/6(942^) ttSmiSlCTl 
tie 2-3 = 206,550x-^ = 173,235/6(728£/V) ItiRlIBini 
iramHiiJwii^anaBtnmHniHmtitinBHTiiSMWMiiJnRangSmiJtiiiafTiigicTii 

Li nj ct cu U u ~o 

tmRUJJtiltiRRti #3 ttifUtflS tensile strength RtiHRIRti =g y A v 

= 0.90 x 60,000 x 2(0. ll) = 1 1,880/6 

BBBUjRRtiUJtlJTRiRlJ = 211,982 =17.8 
" u 11,880 

MtHimiJRRaiamigifn a-6-cts1m3rag iturhih p„ =173,235 ib uSmtfimtifimi 

timjJ #4 H8113H8 anchorage device 1 BltfrfjHltiRRtiBHmiBlBHim 1 \_in. HSItiGta rigid steel 
plate IStmtiJRHian anchorage device IBllURti 1 



Compression Strut Compression struts = dashed lines 

Truss nodes = 1, 2, 3 


Figure 4.29 Struts-and-Ties in Example 4.6 
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BBBUjRRti =- 


173,235 


= 8.0 


0.9x60,000x2(0.20) 

IRJUjRRti #4 OSS 8 ntiltiEtfUlSGUltUnm 1 \in. OHRIISlHRI ( 12.7mm @ 32mm ) 

Li u v ct 4 O O 

tE3WH1Slt3RRt3SHtlJGim|mslQHim l^m. H8113H8 anchorage device 1 


tRTRjRUUjRRtitR 13 TjBMIinm 17.8 IlJtlltnBtlRlIRniim UJimMlIltiRIUMRUBTRftnB 

Lru u ct Lru 

BUBUJUJimitiRfiti #4 1 IJTJUjRRti #3 OSS 13 itinJHISOnUOnfp 2^1/1. nHRJIfflHRJ (12.7mm 
@ 57mm ) UEnUHltififiti #4 ItJWHISGtnffifdiUSItiHfd 40m.(l04cm) 1 


G[Unt3llSiSg|RffnJ confining tie IJBBtjlti elastic solution RtilgR (a) 1 JUS ti.mo 

ca ) o <=» O . 

UUinin anchorage zone confining reinforcement tUHRluthtjISCI strut-and-tie analysis *1 



Figure 4.30 End anchorage reinforcement in Example 4.6. (a) Anchorage zone, 
(b) Beam cross section. 


( j . e ). Rims'll EMtnftJJiamJClfi Flexural Design of Composite Beams 

tm?n HSRiRMinM^nR^auSiTURaTfliatnmTMBiiJtiRBlniwfi muiEustuifoffnstrm 

ISlfTlJtflS wimflinfilltjlHmfil (JUS 6.CT19) 1 K1HJB8 IH9W prestressed element RtiHBTtiHIHJ 

d cr i ) cx u eu A ctvJ 

B1R StiltiSI situ-cast top slab 1 RtiRHmiUUIB* BHBRTHiniSimiBHiniRlWHSRIRMHIMIlJtll 

A c * tx Li 3 c ? i 

H1SH805H8mUUtj1l3H8fTlPiijlfiTfiriU1 tiGISS RlJRimBlfitiTHltiraRtiTfiJtnBmfiHRRRIBlRtifill 

V f 1 1 Li U 1 Lj 1 Lru «=* 

Rtinsi‘1 RirfuaiBRRaTHiaraRaliJniunnitiinHiriMinMTRJtnBtiilirTiiBiRalUB tJ.mten 

l U i n Lru in «=* u 
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Situ-cast concrete slab 



Figure 4.31 Composite prestressed concrete construction. 


6Afi. nJtuifiXjtnCUStlllHStriSSClj (Unshored Slab Case) 

nfJHfflJ 4.2a Si3 b MHfniRl3Tinl3MIIMraRl3&lt3ITrdUtinHat51RRTinni&iaiWn 

1 Li 1 U 1 1 U 




f = 

fb = 


1- 


ec J_ 

r 2 j 
ec b " 

7^ 


Mp+M SD 

s f 

M p +M SD 

s b 


(4.17) 

(4.18) 


ttitu s 1 sti s fc ^HaniH8fnHiuMH8fnHtjinTtmmnmnjn* mini m,„ tiiHHiatJmninimBH 

is v r i i Li i run Ji/ v «n. 

tiBtjiiuntiRnnnn 

V 1 Li 

nmratnciJRTHitiJtrimsIsamsanma luimfiiiitiinminimmiMinMHn funstriBHanj 

U Li eu o & y f 

HSfflfi S' c S13 S^BtfltiHB ^Hmgl3mnRnn§l3inhg1lRMIIM81t31WIUMI8J cgc 1 Rl3|fnti 
MriMIUntiBnJJHtjlHmBtiMHR'lJ 4.17 St3 4.18 MTHnUMJlWS'ltiinJ BtiaraiTRIHIUWUiRBm 

1 V U U Li U Ct 

TrmtimedHSfriPiFdHnfa c sf aa iBlntiiug 6.cnlQ(e)) r 

U i y ay x ' 


Sti 


f = 

fb = 


3 l 

A c 

5 l 

4 


' .ec^ 

V r 2 y 
( ec t S 

1 + ^T 

V r j 


M p + M SD 
S f 

M p + M sp 

S b 


Mcsp + M l 
Sc 

M C SP + M L 

Scb 


(4.19a) 

(4.19b) 


uJtu M C5D tjTOSRtt3jMHiMt3iRnt!SmsHt|Riffitncu^gjt3 flBtiiiglintiiinmmuim s‘ c sti 

S- fc ^HaniH8R1HIUMH8R1HMH1MIBlB?MIIMBll3Iti} BagiaiTRIH Ilftim JtifjHSRIRtnR 

lu nr i i v u u c* i 

(ftnui 
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Situ-cast slab 



wnere rr y impaci iua< 

bridges (see Fig. 4.2) 


I in case of 



+ W D + I V® 

unshored 



(b) 


(c> 


(d) 


(e) 


Figure 4.32 Flexural stress distribution in composite beams, (a) Composite 
beam, (b) Concrete stress distribution, (c) Concrete stress distribution with pre- 
cast beam shored, (d) Live-load stress for shored case, or live load plus superim- 
posed dead load for unshored case, (e) Final service-load stress due to all loads. 


iasiaiTfnHinMRTHinifnmalaamaa cs’Jbb sti aa rani 

1 U V U U iu v 

Hsrnfi 6.mto (e)> B 

rtS _ M C SD+M L 
J 

^ cb 

Si3 f bs =- M CSD+M L 

^ bcb 

tt3cu m csd +m l tjiHHtimsHtfJwmstgjmpffitntumfiHisfiJRHfnnMHiriJ sti s bcb 

^HswH8mRrarjH8fri?iri3Hiri3ri3THitjfi3nM8imK stisitinfriB aa sia bb nftim islmaras 

7)ri l Lj U lJ c* os V 

i 

^.fnto(e) i 


(4.20a) 

(4.20b) 


(s.e).S. njnjinxjricijscinscutnn] (Fully Shored Slab Case) 

Ri3RjmRTHinJiTimsimSi3TR!tnSTgtnniJUlRt3CUmRH1SMRHfTinMH1M Rt3TPi1t3fi3nfi3 

ot Lj cu Lrjj U v f) ^ i Li 

ramsHS'mnjTS st3HS?nojirimtJ?it3RTHicu8imwtt3cumffinfi3BfTiJ4.i8 sti 4. 19B 

l l Li 1 1 Lj su 


St3 


f = 

fb = 


3l 

A 

3l 

A c 


1 _ec L 
V r 2 y 


( 


ec b A 

^ J 


Md_ 

S' 

Md_ 

S b 


(4.21a) 

(4.21b) 
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trmminwfirmroBitiiratnfiiB itfimMRHmnwHiwiRfiHiBialinnjrafitiRRlrta MHRii4.i9a sia 

Li Li u 1 

b MTHinnHiiJwTRftnBTgiTrnmititiifiisTaaarnmigltii 

Li ct Liu Li Li vJ m 


f =—?- 


f 


1 _ect_ 
A C (. r 2 J 


M D M 


SD 


M 


CSD 


Mi 


f 


Si3 


fb=—f- 


A. 


c V 


ec b A 


S r 


D 


St 


' SD 


c 

CSD 


(4.22a) 

(4.22b) 


’ cb 


BnjntSiinTRiinrniTHnnBHTMTmuRarmafTiHfnHBMiiJmiJtiiifininaialTHtittinsifiaraHaiiJtii 

Liu o Liu U U 1 Li Li \ 

mmslstamsta tiiHtustaraHGinrrmu (BtauiaicmBlRiatjEiR t*> a 

SUU c* Li LT) ~o V 


6.e).fi. ggtjfjJlUftJMgfnCl (Effective Flange Width) 



Figure 4.33 Effective flange width of composite section. 

iBmnimnNfiHmnNmMmHTgMtaguBWfitirmtinn iRTfiJinRiiRnjifiBBtaRTintiJ 

EaJ Li d 1 Li Liu c* Li 

simitJniHiBBWiHtmamBTUMgmniBlRamaifffafTitTJaTrTifTi (stiffness) iticusswfnsnMRH- 

a V U Lie» c* vJ Li -o v x i) v* 

fnnfJHirija 

jus 6. mm stamnta cJ.a ijnHJBffiTHjRimjM aci aia aastho MimuRmifissiafiJitJ 

u U Liu Li tu 

81t3tm(tJMSfnn (effective top slange width) raMHSRlfiWtnM 1 JUMBrattMMiamMIUniauJtlJ 
trnnBiaiwsMnwMMtiraMHsmHtiimTMti iRTfiJtRRTHJBBia b uhmRRcmannHBnwBSWRi 

1 id 1 U Lru uu U I vl 1 c« 

jurjjuutasntanj aBmmsi^imTHUTHmnt3mfurarjrdHir:mtanns1mm^usSQEn a sstam 

1 e-J Li Liu lJ n Li <in u 06 

ntHf JUMRtjnw8iaiWM|]muH[mmHHtiatitiimnMtnM i cc r 
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b m =^-{b) = n c b (4.23) 

E c 

iticu E ct =HgnnH9pMBraMranaiiJwt^nri8iaiw 

e c = HgnnHajMMBraMranatsiniMiu 

lahnmtonnjifiBBtiiRRTHf b,„ retuiffi inrnfritninjmiMMtiraRtiiuMHsmRMinMBiiaHtiitii 

Uu nl w Lnj l n i i v 

iiMwtiliJtiintiia i 

l n 


Table 4.6 Values of Effective Flange Width 



Width b as the least of the tabulated values 
(Modify to b M = nj), where n c = E c /E c when flange concrete 
is of different strength from that of the precast web) 

End beam 

Intermediate beam 

ACI 

b w + 6h f 

b w + 16 h f 


b„+iL c 

b w + L c 


b + 1 

L 


K+ 12 

4 

AASHTO 

b w + 6 h f 

b w + 12h f 


b w+ lL c 

b w + L c 


h + L 

L 


12 

4 


L = span of end or intermediate beam 


ts.ri. Summary of Step-by-Step Trial-and Adjustment Procedure 
for the Service-Load Design of Prestressed member 

1. w SD HitiRijwifiTJBRHiTb w L julia 

RCUlfi St3RHMR[Ulfi IJWMiiMtni: , /' TUlfiBIUfiti BiainHJ8*njlfiBtTTJRti 

n in n u yw «/ c u i cu U U i 

TRia titstiisimfriHs utjinmm i 

U v -o l u 

2. MBRBtnJUtiraBRlSlW W D StifitUlSIHHti M D . M SD Sti M L 

3. EitUlSI f pi , f ci , f a . f t St3 f c ttitlJ f pi = 0.70 f pu . f ci = 0.60 f ' ci . f ti = 6^T~ 
MpnUHSRIRItijBtH. / c =0.45/' c U0.60 f' c RIHfmHBETnfi. f t =6y[ff 
l<3\l2jff 

4. HimBIRUTIRUtiRattna A f pT = Af pES + Af pR + A f pSH + A f pCR + A f pE + A / pA + A/ g 
RlHtUIRBI|URl3tRil3IlJ[lIl|S 1 RMfiRtitRltiMB (net stress) f pe = f ps - A f pT 
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5. mHSn3H8fTlR?iTH!mmtJ|tJJH1tSH8fT1fiHtJmJH1^Hlfi[UlS1Ri3Tffli3ra?ii3tSlMnri3 

V r l Liu eJ i eJ eJ i U i 

simni st 38 im[rnH t i 

(a) fd{H1U harped U draped tendon l|UH8mfiR[liTlCUtCya 

> (1^7 )m d +m sd +m l 


s h > 


tfti - fc 

(l -y)M D +M SD +M L 
ft-yfd 


tticu y = — 
P 


(b) fdfHTO tendon |Rt3t|IJH8mfitCUS|H81i3tii3 

S f >m d +m ds +m l 


S b > 


Jfti - fc 

M p +M SD +M L 
ft -fa 


5 . tTSMfjMH 8 mRfmRnj|i 3 tt 3 njHisHscuH 8 mmmjsl 3 H 8 n 3 H 8 mmt 3 cijTfiJmj 

U i EaJ Vi 1 EaJ V 1 1 Ljtj Ed Liu 

7. fd|HTO (a) H8fTlfitt3CUMRJ1MmslRi3tCyt3 ( tj1StSlR[UTICUtCyi3 U0.40 tStCUti), (b) 

IJTJ tendon fHij Si3 draped tendon JfnRRt3|?nafiJnfi3ra?1i3Jni3SmslHS?ntU^Jf1i3 

Tent 3 friH 5 

Li nj 


/'--A 

A„ 


, _ e _S±_ 

V r 2 y 


M 


D 


s r 


P: 


r 


h=—r 


1 + 


ec b 


M 


D 


c V r J 


TUMaraniaTmanfiiantHHBtmH inTHinrSnHsmn uinmitiiMuiBiunnSn e r u e fi 

U i U cu i m L»u U i -oic'Eun is- O C 

unmtinn 

B.lfnnRarmaMiiMranaMTHintiinsimuBmnfni dJBRafiunafirm 7 ) 

iU i U a a c? v c* v 


fb = — r 


ec b 


C V r J 


M T 

* b 


tticu m t = m d + m sd + m l , pMBranti{mtintfitintHHBtmn m^fn|pnH8mri 


ninmitiiMuranmnSn e r ti e P unmtinn 

IS- L C 


iu n 


162 


Flexural Design of Prestressed Concrete elements 


IsjifflstfifinwmGmgmri&tj] 


Department of Civil Engineering 


9. strand tfps, mSn envelop ttinJRndRQnjnRBRMIHItjflllimla 

e b = i k b - a mm ) St3 e t = (a max -k t ). to a min =M D /P i 3i 3 

flmax = M T /P e 1 Stmfit Xjntim C11 si Ht3 fTI JPTCU1 SlUtS H 

1 

, _ f(t) A c k b 


sia 


e f = 


f{b) A c k t 

Pe 


tslttu envelop 8H3I|fTlH BtiBltilW UjtiRl, to 843 /( fc ) til n43 "[?flt3 rd J t fd 8143 

irrrlraMiuRaiiJwHimmiBHTiTtriginarana 

U i eJ Li ct j 

10. HItififititmti end-block anchorage zone. BtiRimmuJfiBtolBHJfflJCTlI bursting U 
spalling crack 1 nnJlR|UliauaUHUJUIH1 


ld = 
i t = 

h = 


1,000 




ps 


6.9 

/, 


fps - 


pe 


3,000 

fpe 


20.7 


d h 


2 

3 




(S1RUS) 

ct 

(SIR SI) 


(SIR US) 
(SIR SI) 


Post-tensioned anchrage 

RtlJlEn anchorage block 1 i[U strut-and-tie plastic truss unit luHJRhnSIRBIti 
Sini ultimate iSl nfci tie iuHjiBfdUfd confining reinforcement 1 


Pretensional Prestress Transfer Zone 

A= 0.021-5* (81RUS) 

fJt 
Ph 

A. = 21,000— ( SIR IS) 

fJt 

11. R[UlRRr3TR1l3h3RHfnnh3H1fi3 S th hlil hi H S R3 Ri SfUl £T1 TtIMBlfin43TEn43!itil43n43 

1 Li Li 1 i*J -y U 1 Li ] 

TRiardnrijmRl3HsnTiRHRUJfnsimsiRt3HSRiRQiRTriJiu aaRTffitiiBU3itm?ima1 

U 1 1 m ct 1 Li Li 

StiRtSti 1 i|pSSi3|tJMSfnnmfi3|HCU b m = (E ct / E c )b M|mUM1UMinMBU3It3 
islintu RRfiaiHSCUHSRIRJtlfdHSRlRfdHlfd 1 

v r i i 




\r.Chliay\ 
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(a) mnflnttfinjstumsgtu 

HstncuirimtJ?it 3 RTHitu 8 imfSts 1 si 3 msa 

1 1 U cu 


f = 

fb=~ 


A c V 

D f 


\ V 


^_ ec L 
r 2 J 


M D + M SD 


S' 


ec^ 
r 2 J 


M D +M SD 


M 


CSD 


-Mi 


’cb 


nmratnwRTHinjgimwTRltnsiriR s^ssnjfnntisi^HttmramRHisfjRHfTin 

Li Li L»u i) EJ 

MHiMtnm RtiTmmslMJtfiJgimw st 38 imTmHrarjtt 3 RaiRTfijimsH 8 mfi 

M 1 u Lj ct Lj 1 

MBIMStiRlffitil 


f=-^~ 


f 


l _ec L 
A c 1 r 2 J 


M q + M M 


CSD 


-Mi 


S' 


Sc 


fb=~^-\ 1 + ^ 


M D + M SD M CSD + M L 
' 

A c v t J S fa S cb 


tticu s' c sia s cfe ^HgniH 8 fnninMH 8 mnMinMi^ 3 }MiiMBiait 3 Bi 38 itiitfnH 

rafjHsmmrmrfiJiu i m, mumtuma m, TUMsramsRmmtisBtn 

1 Li Lj u •&. I Li ] Li r~l 

Rarmarjnrjt^slrjnrjsimculagimrfTimsRTHitiJQimsIsamsaH 

1 U V U Li cu 


rtS _ M CSD + M L 
^ cb 

At CSD + M L 

Sbcb 


fbs=~ 


ttitu s' cb aa s bcb ^H^njHSRimaHSRiKMHiMtalaJfiiiiMsiattu aamatyriH 
lUMRTmtutiimBlaaRiaa i 

Li cu 

(b) RinJintHicustuigciitcini 

Hstncustu BauRimintiiisimunaRTintiimaitmalBaRiaa 

l U i u cu 


ri _ _ v e 

A. .. 


Pj (. ec, S 

l r 2 y 


M 

S 


f 


fb= — f- 


V V 


ech 

r 2 J 


S M 


iTRiminwRTHinisimtJimBiRiBaTHftnBitSgi saMRHfririMinMirirTimHinB 

U Li 3 CU Lry 

ft _ _fe_{ . M P m sd +M csd +M l 

1 aA r 2 ) S' Si 


fb=—T 
A c V 


1 + 


ec h 

r 2 J 


M 


D 


M 


SD 


M 


CSD 


-Ml 


’cb 
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rnmnggaraMafnnraMtinuBiaitiiiuMHSfnHMmMinH aci u aastho 

U & ru i -vx 

specification 

m n =HHti?iJniunmwngHa^wiuMHi 3 HtyiRTimu. = HHiiuJnj 

ry v n vr & n u 01s y 

unmninn|]mni8n^t5iRumu stitisRfmtiMtititsisjfi ttfim m csd = HHiattJtu 

niunnirinaRiJiRmaHniw i 

12. uBnimnnMMtiiuMHsmnMTHintmBmnnimmalintiitnR atifiimnnMMimtnti 

n 1 n i U i ci ru 

mn aanMMtimntiiHtm 

in m v 

ras tJ.mts ufrimn flowchart MTHiumiHimBinHiTURaTmaiarnirimTfnH 

y i/l -o Li c* Li l Li Li 

tiinsniiuamSfnn 

Q 3 <i| c* 




Figure 4.34 Flowchart for service-load flexural design of prestressed beams. 
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Figure 4.34 ( continued ) 
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Figure 4.34 ( continued ) 
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6.tf. R[mmH3mRf»JHiM9THfmHmtraRi3Ttnl3Jt3friJ9icTit4infnm 

1 U m U ] U m U 

Design of Composite Post-Tensioned Prestressed Simply 
Supported Section 

Qgnman d.ri: 

Supported Section: WIBgpjftnHmfiltiJ (two-lane) tt3CHHlStnil3tptfl3 64/f(l9.5m)fiRnHfijlSl 
HRjiS bearing <1 BBtiimBIlJWRHClgHSItiltRlinBITIlJa 28/f(8J4m)uJWHnMfiJIBlHfiJ 1 

nnnmuMBHBHantin nnnHmiBlHRn nniiBiBHBTHBianairaRarmaiafTiiBifTitiiiTrnm 

ct ct « vJ u ct u ct U i u -o Li 

1 1 

t£3tuHisnrHitijrmsHsstijRt3HBTmntijrmi3rdmBmTSfn^nusn aastho HS20-44 i ntuisi 

Li n ct vJ Ed Li & 

I 1 1 

GEUTIrBr Si3 tendon envelop 1 Mil SI anchorage block St5 confining reiforcement 1 fdHRnH: 

ttiftti 

1 

rantitnntjmutnB f'c = 5,ooo psi tfittisttJBHSBHfn 
lUfltiB^fiTHIWtmBfiTinM 5.75m HIS /' = 3,000 frlTORilSHSEiHfri 

] Li n Li u C 1 t/ vb 

f' ci = 4,000psi(27.6MPa ) 
f ci = 0.55 f' ci = -2, 200 psi (l 5 . IMP a ) 
f c = 0.40/' c = -2,000 psi(l3.8MPa) 
fa = 2\2psi = 3fff 
ft = 6 V7V = 424 psi 

famipijaunti 

f pu = 270,000 psi{l,862MPa) 
fpy =0.90 f pu = 243,000 psi(\, 67 5MPa) 
fpi = 0.70 f pu =m,000psi{l,303MPa) 
f pe I|fnmnunirati =0.80 f pi = \5\,200psi{i,043MPa) 
nnnn aanimifualBR tendon maiaiHSfriRmimtiiitiia BtiHSfnsis'HiBti i irantHH 

V i m «=> 1 i Li tu V 

HtiuBRintsiiiJtiiiHumtiiBitiRinaBSBiiJtminnitiirirrmJifiuBRfnH aastho HS 20-44 mthiu 

w at su n n & U 

BHmiJfitittinJBIBttllia 64/t(l9.5m) = 9,300,000m. -lb(l, 05 IkNm) 1 

dramgfftnar: 

m&npi stJftiaTfntiHBcmR ctkms9-6) 

tJ 1 L» 1 nj 
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uJimrmnfitmwnmntiH aaraiiaitua inHitsnnjinHHialiJnitnanRTmnitjimalBamBa 

m ct u *5» v u su 

Si3 diaphragm 1 Clear distance lfU3|9Bi3IUMnHn 7 ft -6in = 6ft6in. 1 MBHtslR{jntlIWlBIlJtlI 
H1SR‘[Hlfj 5.75m.(l4.6cm) t3jnR|H1CUtJSitriR|fmtj 1.75 in. 

4 in. Si3 diaphragm fifjnM 8m.(20cm) lalfiiuntllta SdnBfij 
45/ra.(l22cm)t?lRIHmtilHmai3RTH1tlIW1B 1 IffitfdlS: 

SHS diaphragm = 6.5x150 = 2, 500to(ll.6^iV) 

1 75 

9HBR|]mnimR|tmUR|jnM 1 .75m. = — x 7 x 150 = \53plf(2.2kN / m) 
SHSRUmnJ01fintWtSlSi3mSi3R|H1fj 4 in. = ^ X 7 X 150 = 350 plf( 5. IkN / m) 

M sm = 153 ^ 64 ^ x 12 = 940,032m. - lb 
8 

m c c D =uaRitsiiJiRriit3u!aH=o 


M 


SD2 


PL , W sd L' 


4 8 

_ 2,500x64x12 350(64) 2 12 

4 + 8 

= 499,200 + 2,150,400 = 2,649,6500m. - /6 
M 5d fill'd = 940,032 + 2,649,000 = 3,589,632m. - lb(406kN.m) 

m csd = o lalRtiRinjiiB* 

H^tddSfnRHdjmHi aafnn^MUMdSfnRfmRtiJja (foma 

151,200 


r = 

s r > 

s b > 


= 0.80 

189,00 

(l ~y)M d +m sd + m l 
yfn-fc 

(l -y)M D +m sd + m l 
ft -fa 


MBRtilgHtjlRtfmUHlBBHa^WpitnW 583 plf{8.5kN / m) 1 

M D = 583 M x12 = 3 , 58 1,952m. - lb(405kN.m) 

ct (1-0.80)3,581,952 + 3,589,632 + 9,300,000 3 f, mw 3 ) 

5 min = 7 t — 7 7 = 6,271m. 103,222cm 

0.80(212)- (-2,000) V ’ 

Stnin = (1-0-80^8 1.952 + 3589.632,9.300.000 = 6a29in? U micm >) 

bmm 424 -0.80(- 2,200) V ’ 


mmanmfsmmammminftaffnitfbmmf i69 


rc/f/im 
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tfiBial HaniH8mn^mMa!iJwini39nMTinuMiiMmait3iHa!Hi3tiii3HatiiH8fTiH 

v v r i n i U v T i 

MTHiuMnMBianmHinMHsrriHMHiM *i SQtsgnBrjurjHanGinrrmm^imciiinm 

u u i y u n u 

S b = 6,229 in? 1 

uJimwu aastho type iv HiBHatiiHSfnHtStiiaHatiiHSfnmiJtiiTRifniaiainR titnss 

J L wri wri Uutu v 

AASTHO type III (JUS G.mtO tilHSfTlRtmntlljailJtllinBmHlRJI S h = 6,229m. 3 



(a) 



Figure 4.35 Example 4.7. (a) Section (AASHTO-III). (b) Composite section properties. 


S' = 5,070m. 3 (§3, 082cm 3 ) 

S h =6,1 86m. 3 (l 01,370cm 3 ) 

7 C = 125,390m 4 (5.2x1 0 6 cm 4 ) 

A c = 560m. 2 ( 3 , 613cm 2 ) 
r 2 = 223.9m 2 (l, 445cm 2 ) 
c t = 24.73m.(62.8cm) 
c b = 20 . 21 in. {5 1.5cm) 

= 583 plf (8. 2kN/m) 

fiTIRtUTH 7-wire stress-relieved tendon HtififaJi 0.5m.(l 2.1mm ) QSS 221uH1 

eJ n i* V / u 

fjttpttflltntintij 

M T = 3,58 1,952 + 3,589,632 + 9,300,000 = 16,47 1,584m. — »(l,861&V.m) 
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A ps = 22x0.153 = 3.366m. 2 (21. 7cm 2 ) 

p. = A ps f pi = 3.366 x 0.70 x 270,000 = 636, 174/6(2, 8306/V) 


P e = 0.80 P t = 0.80 x 636,174 = 508, 940/6(2, 2646/v) 

2 oo'i o 1 

k,= — = — — = 11.05in.(28. 1cm) 

‘ c b 20.27 v ' 


k b - 


a max 


r l 223.91 nne . , n \ 

— = = 9.05m.(23.0cm) 

c t 24.73 v ’ 

= M a = M8W2 = 

Pi 636,174 

_ Mj ^ _ 16,471,584 _ 32 35 f n (Upper envelop TfTi 

P e 508,940 ~ L 


imarRiinmiinMTHWHsmH) 

Utj o' Uw 1 


e b = a min ~ = 5-63 + 9.05 = 14.68m. 


e t =<3 max ~^t =32.36-11.05 = 21.31m. 
titnss iraBiurmSmuM tendon mmisra 

V Lj t* 


e c = 16.27m.(413mm) 

(a) Hsmfifituncijta 


c, =10m.(254 mm) 


f = L 

4v 


M 


D 


P ( 

r 2 ; 

636,174 f 16.27 x24.73 A 


560 


223.91 


3,581,952 

5,070 


- 905.4 - 706.5 - 198.9 psi{T) < 212 psi O.K. 


fb=~ 


1 + 


e c c b 


V v 


r 2 J 


M 


D 


636,174 


560 


1 + 


S b 

16.27x20.27^ 


223.91 


3,581,952 

6,186 


= -2,809.3 + 579.0 = -2,230.3 psi{c\l5 AMPa) = f ci = -2,200 psi 

(b) HSfrmtfiiagtH 


/' = - 


P f ] _ e e c t ^ 


A. 


r 2 J 


636,174 f 10x24.73^ 


560 


= +118.7 psi(r)< 212 psi 


223.91 
O.K. 


fb=~ 


P 


1 + 


U V 


e e c b 

r 2 J 


636,174 


560 


1 


10x20.27 


223.91 


- -2,164.4 psi(c)< 2,200 psi O.K. 


n Sms 


O.K. 


mmansifsmffftimmatinftafffiawmmti 1 1 1 
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o i 

^.(topping) _ 57,000^3,000 


= 0.77 


^(precast) 57,000^5,000 
BBaimUJUMBfriri - 1 ft = 84m.(213cm) 

BBtinnHnjMBfTirifnWTHtlJ = 0.77 X 84 = 65m.(l65cm) 
c . - (5.75x65)(47.875) + (560x20.27) _ 31 ^ 
b (5.75x65) + 560 

I' c = 125,390 + 560(3 1 .32 - 20.27 f + 65 ^ 5 ' 75 ^ + 65 x 5.75(l6.56) 2 


12 


- 297,044m. 


r 2 = 318.12m. 2 


S cb = 9,490 in. 


c f tslfiffintJ =45 -31.32 = 13.68m. 
297,044 


S‘ = "'’“" =21,714 in 3 I3irnl3MIIM&ltiIWraMH8fTlHtjlRTtmU 
13.68 L 1 L 


c' fifjnUJBltilUJ = 13.68 + 5.75 = 19.43m. 

= 15,288m. 3 is1[fii3rjnrj8imiSmri3R{HitiJ 


m _ 297,044 

^ cs 


19.43 

297 044 , , , m 

S bcs = ^ 194 3 4 y 19,251m. 3 

i.75m. tatnsgHs w 5Z) tjiR|tniU(^tms 

99a) HStntUtslii diaphragm Sfcfi{jnnj 
(a) HSfTlfifilUnClJltUiJ 


1 e 

A, 


p - (, e c c t 7 
r 2 y 


M d +m 5D 


5 f 


m d +m sd= 3,58 1,952 + 940,032 = 4,52 1,984m. - lb 


f = 


508,904 

560 


1- 


16.27x24.73 

223.9 


4,521,984 

5,070 


+724.3-891.9 = -167.6 psi(c) HBlHBJtifnigitTl O.K. 


fb=--r 


A. 


C c Cb 


c v 


r 2 j 


508,940 

560 


1 + 


M p + M SD 
S b 

16.27 x 20.27 7 


223.9 


y 


4,521,984 

6,186 


= -2,247.4 + 73 1 .0 = - 1,5 1 6.4 psi(c) < 2,000 psi 


O.K. 
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(b) HSfnmcugftj 

, f 508,904 f 10x24.73 '| n . n , ... . 

/ = — 777 — 11 777-7 — | = 94. 9psi [T)< f t = 424 psi 


fb = ~ 


560 

508,940 
560 
< -2,000 psi 


1 + 


223.9 
10x20.27^ 
223.9 , 
O.K. 


O.K. 


= -l,73l.6psi(ll.9MPa\c) 


< tufianpnnjamanmi]) 

H 8 fnnnnfnra!iBti 

1 n cr 

P 0 f 1 _e c Ct} M d +M sd 


f l — — e 

\-K 


r 2 J 


S r 


M D + m ds =4,521,984 + 2,649,600 = 7,171,584 in.-lb 


f=~ : 


508,940 f 16.27 x 24.73 | 7,171,584 


560 


1- 


223.9 


5,070 


= 724.3-1,414.5 = -690.2psi(c)< -2,000 psi O.K. 


h=—*~ 


1 + 




A c V 

508,940 f 


r 2 , 


M d +M 


560 


1 + 


SD 


16.27 x 20.27 | 7,171,584 


223.9 


6,186 


= -2,247.4 + 1,159.3 = -1,088. lpsi(c)< -2,000 psi(l.5MPa < 13.8 MPa) O.K. 

RtapmaltcitiJiauaRfTiiiJiH^una §>§» ttfimmpfigtinjra&j m sd2 ttinranwturmptu 
HRHiagnj 


(a) tJSfnrffTCuncutcuti 


ft = -fj_ 

4v 


J _ e c C t 


r 2 J 


M y) + M £Y) M 


CSD 


Mi 


S l S[ 

M d + M sd = 7,171,584m . -lb 
M csd + M l = 0 + 9,300,000 = 9,300,000m. - lb 
nfiiunnmtmtiiRHa / f = -690.2/wi(c). f b = -i088.i/«/(c) i 
RapmairjnrjmatturarjHgmRmn^rmmaHsmfirjHirjR 
f c = -690.2 - 9 ^°^ 00 ° = -690.2 - 428.3 = -1,1 18.5 psi{c) < -2,000 psi O.K. 


fbc =-1088.1 


21,714 
9,300,000 


9,492 

titmtsjuHgtuiiJtiitnBnHBHRn 


= -1088. 1 + 979.8 = -108.3pji(c) 


n = 0.77 


mmnmfsmftmfmtjmimtiimtistimjcifi 1 73 


7X/)/mv 
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(b) 


Ri3|inaialMnM&ii3iwiuMR|]mnn|fTiminnnuHaRmi3n 

-t 9 , 300,000 .. __ ... ./_v 

fcs = ~ 15 288 X ° = -468p«(C) 

= _ 9 , 300,000 x 0 77 = _ 372 -( c ) 

19,251 


ssmmnjgftj 

miRM^QmSl 3 fTlJEi[iriSllSll 3 uTlS 8 imm t l CUStsCUU f = + 9 A. 9 psi(j) sa 


f b =-\,12>\.6psi(c) *1 


Tendon Envelope 

(a) HSfflfiRIUnnJttUiJ 

l n ^ 

a max = 32 . 36 m. 
fl m i n — 5 . 63 m. 

(b) HSfTlfi^HtJJfnEiUa 

M d = 2 , 686,464 

M n , — — . 

«min = — = 4 - 22i «- 

'i 

M r = 12 , 355,248 
a max = A p Z1 = 24 . 28 m. 

ratmus tJ.tna M|jnn tendon envelope stilus iJ.mri MflmumilUtifBfifititmti 1 
JUS (J.tnca UtilfTinfitiTmtimJS anchorage Sti net moment mHfiHWmMHSfnHBH 1 

EJtUiai End-Block Anchorage 

(a) ttflofftfltUSTIH linear elastic method 



Figure 4.36 Prestressing tendon envelope. 
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Pi = 636,1741b 
e e = 10m. 
f t =+U9psi{T) 
fb = -2,164 psi(c) 


5 1 in. 


All stresses are (>si (1000 psi = 6.895 MPa) 



compression; + = tension 



(a) Mpj + Mq 


+199 



-2230 




(d) 


Figure 4.37 Midspan concrete fiber stresses in Example 4.7. (a) Transfer, 
(b) Erection, (c) Topping cast, (d) Service-load stage. 
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2 . 35 " 




(a) lb) 

Figure 4.38 Anchorage zone elastic stresses and net moments in Example 4.7. (a) An- 
chorage zone stresses. Bracketed values are section widths (in.) along which anchorage 
stresses are acting, (b) Net bursting or splitting moments ( M p - at 5-in. depth intervals. 


(i) 


Bursting Crack Reinforcement 

h = 45m. 

fjTT x = h/3 = 15in. 


j ' _ -^max 


2.15xlO e 


h-x 


A _T b 71,670 

s /, 20,000 


45-15 
= 3.58m. 2 ( 


= 71,670/Z?(316£A r ) 


23.1cm 




(ii) Spalling Crack Reinforcement 


M 

j ■» _ x max 

1 sp ~ 7 

h-x 


A = 


sp 


0.04 xlQ c 
45-15 
1,330 


= 1,330 lb 


= 0.07 m. 

" 20,000 20,000 

lSnrjm= 3.58 + 0.07 = 3.65m. 2 (23.5cm 2 ) 

WintmailJRntnTI #4 Hi3riB?i(l2.7mm) 

w till n u- V / 

BBBTRfmi = — : = 9.13 

“ u 0.20x2 

fflimiJU strand 

l[U]TiSp (grid) 2in.x2in.(25mmx25mm)MUTlURWjUfningJim strand 1 

a tun rB mi: 
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e c = 1 6.21 in. {A 1 .3cm) 
e e = 10.0in.(25Acm) 

fTUmijU strands l3HT99tlialB[inmSH tendon tt3CUTPif m JTRf tnstdldnni 

U EJ U V If. Lru Liu in ~o 

tsimajus 6.md(a) i 

HHi3Rt)S anchorage I3lli5uiaitiia5IlJtmnBHtinn 5i'n.tTlHfiHMJTJMH8 

v su O n i 

mHTHftnBuiiirmBlfitifTirtti tS.fi i 

Liu in -o ct 



Figure 4.39(a) Strand arrangement in Example 4.7. (a) Midspan (e c = 16.27 in.), 
(b) End section (e 9 = 10.0 in.). 


Table 4.7 Anchorage Zone Moments for Example 4.7 


Moment 
plane 
dlst. d 
from 
bottom 
(in.) 

Section 

width 

(in.) 

Stress 

at 

plane 
(d- 2.5) 
(psi) 

Concrete 
resist, 
force at 
(Of- 2.5) 
(lb) 

Moment M p 
of force P t 
about horiz. 
plane in 
col. (1) 
(in.-lb xIO 6 ) 

Moment M c 
of concrete 
in col. (4) 
about horiz. 
plane in 
col. (1 ) 
(in.-lb x 10 6 ) 

Net moment 

col. (6) - 
col. (5) 
(in.-lb xIO 6 ) 

(1) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

(6) 

( 7 ) 

0 

22 

-2,164 

0 

0 

0 

0 

5 

22 

-2,037 

237,040 

0 

-K).56 

+0.56 

10.27 

15 

-1,783 

133,725 

0 

+2.15 

+2.15 

15 

7 

-1,530 

53,550 

-3.01 

+4.42 

+1.41 

20 

7 

-1,276 

44,660 

-6.19 

+7.00 

+0.81 

25 

7 

-1,022 

35,770 

-9.37 

+9.80 

+0.43 

30 

7 

-769 

26,915 

-12.55 

+12.76 

+0.19 

35 

12 

-515 

25,750 

-15.73 

+15.80 

+0.07 

40 

16 

-216 

20,880 

-18.91 

+18.95 

+0.04 

45 

16 

+119 

+9,520 

-22.09 

+22.15 

+0.06 
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(b) ttflSftinmfnH Plastic Strut-and-tie Method 

(1) R[UlSTCH1ffiS|tJ^SHSrafj tendon 

= 4(2)+ 6(4)+ 4(6K 3(5. 17)+ 2(20.27)+3(27.77) = ^ 

22 

(2) FTEinSI bearing capacity JUfiftUKtil Si jjaiTulil anchorage device 


ntntiSTlHtilUJfi: P ul , P u3 = 4(0.153X270,000) = 1 65, 240/Z? 

P u2 = 6(0.153X270,000) = 247,860 lb 
P u4 , P u6 =8(0.1 53)(270, 000) = 123, 930/Z? 

P u5 = 2(0.153X270,000) = 82,620 lb 

riHIllfdttfi ultimate Will =165,250(2)+ 247,860 + 123,930(2) + 82,620 


= 908,820/Z? 

|ri9pt^JtJfd rigid bearing plates lutU[9 anchorage chucks 

A b =16x12 + 8x16 = 320 in? 

= 908,820 = 2 84Q • 

Jb 32Q 

nfJHfni 4.16 a StJ b, bearing pressure HBimKHRmHIIBlltmuntifi 
f b < 0.1 fif'd ^A/A g 
f b < 2.25</f ci 

S fi tal t J ft] 13 X w H l U fd ‘ l U f \ 13 1 Si t £1 HJ J 13 fi 13 T ?fl 13 

^ i n i i U 

/'„■ = 0.75/' c = 0.75 X 5,000 = 3,750 psi 
ingjIltiBSHAIUMIURaitJUIinB bearing plate = 18x16 + 10x18 = 468m. 


Bearing stress HSCTTISi/^ = 0.7 x 0.90 x 3,750 


468 

320 


= 2,860/95/ > 2, 840/?ri O.K. 

Bearing stress nWHffll 4.14b HfiWtn 

(3) RJRJ strut-and tie anchorage reinforcement 

ntjfdUfdGH'ltUa titriSlRtiitlS 6.md(b) BIBlgRtntiniP u « - = 7.5m. 

Li 1/ y c t V y tu Eli ItJ ItU 

• ^ 7 5 

titil38 RHfd a/ 2 H8113H8 anchorage = — = 3.75 m. HJR 4m. 

7J n i ° 2 
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strut-and-tie itftmfdSfiflHISSTHtititiRmuS (J.£Tld(b) 1 Tension tie 
H1SRH1r3QiS1S 33,495/Z? Si3 102,024/Z? 1 UflHJinJwfjM tie itiCUHlS 

6 U 6 U Lj 

fitntitfrjltilHfi 1 02,024//; BtiUftmitUUjRfiti confining reinforcement 
HRjJU dOtoR #3 iSlRtiRUS anchorage: 

MMMtimmnaHmRa = # v a v 

in 'o c* u tj y v 

= 0.90 x 60,000 x 2(0. 1 1) = 1 1,880/6 

QSSitinRtiltiEUTftffm = 102,024 =8.59 
“ u 11,880 

ituuJrmtiHnjiu usBr #3 qss 9 mi 1 



< ►-Tension Tie 

Compression Strut 

Beam Elevation 


Figure 4.39(b) Strut-and-Tie Forces in Example 4.7. 


uJimtmfiWTtiuJfifitiHmi u usfjR #4 iglnanuBMammiuia 

e-J O ct n eJ eu 

anchorage device RtiRinjilB* lRRH1BMBniTURinl3TnUllRTtl!uiRBl3 

ct ^/t- Li su Li Li 
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102,024 lb 1 

nMMtjffinjIUM confining tie #4 HKJ = 0.9 x 60,000 x 20(0.20) = 21,600/6 

QSS tie = 102,024 = 4.7 ITmtiRRtiHRIJ U 5sS?i#4 QSS 5 
" 21,600 L J 

(a) SH (b) raasSCUtHR confining reinforcement 
l si RtiHUB anchorage tCTJ-fUt Jt3 h = 45m. nBtSBHtiBBItiltRIH: 

ItUUjRRti #4QSS 5 nauJimtjimSHig1|Hti 1.5m. nya anchorage 
device S 13 HI SR fill R HR! 1.5m. RRHHRnslHRl 1 umUHRUBtilHmaallJRRa 

ct O xJ & n u 

QSS 9 mi ttilffitflSRCtflfinfi! 5z7UflJBH1ttf 40 in. 1 Stunts! TUMBItnRMBHBBB 

U ct V u ^ u 

tSJPiSti compression strut RISlRRts RH113 tenion tie StStRIJfltU confining 
reinforcement RISIRtfpS 1 


&£. RtlflS1H8fnflJt3rnjnmTfnHtUR3tin Ultimate Strength 
Ultimate Strength Flexural Design 
6.6s.fi. EHultftJS Cracking-Load Moment 

tJsitJtiitsiBiitunuiBinafirm 9 mn8MmSM&iBHmifiaranainiRi3Ttna BtiiuntiHinH 

V u Ct v let u 1U1U 1 

RRIISmaimtilUBUBlUIUM compressive C-line IBlRaBHIUHtiiniRtiTRitin tensile cgs line tsl 
tntutStuusnfnstmnstsra i ininBBraimHnaiBtntsi ttiwirjrafj couple sianmnstsimsl 

di vJ U (J Ct ActvJ 

inHfTinRBimaiuMUBmtJimHBinmitiiMmRaTfna iBlnaitJmniRiargna i HHtinmsItR 
uBinBiataialintuitJtiraBmtli BauBRHitsrftJtutJiRuiBHniiStnBHiniuiRiJtliRaTmaMaRiuM 

n vJ o. y i U n 

raRaiBlMnMSiaitfTiHTRiaBlitJRiuMnHBTHwiHmiMBaMBn imtnlStunRfntiiiBRiaTinaiB* 

1 ULiv <=t Li m ^ 11 U l U 

ThmBRinUBfflRtitmilMtiR (limit of decompression) 1 UBRtnBHBltittfil yUBRIWHIBlHim 
iRntnBtyiHiyi8iBltti8iaitfnH itJtunatmtimnjmnriHHtiiyi* (cracring moment) tticutiniTicu 
HRClUBmttnfina (first cracking load) tSluCUH^tUulfi (modulus of rupture) f r 1 1 Si i3 C1JTI Pi fTI CU 

tag itJmftBRi3Tsni3fnH9 itnmRaTmamfTiTRJtsiBitiinraRaiBlitJRi 

1 Li eu l U ~o Lry ^ l 

ras d.do UlntTinUBR Bl3Rl3Ttnl3!tJRIBlfi[UnRRltlIltitl39iaRlItJlRUBR1 flHBTRHtH 

V in-o^iU O dj U 

uhunmsnRiauBR-RuiBTBtirmm itiwiHtnBRii^MuifintiitDiaithMialintiiia first cracking 

in vJ dj v U U i) run 

load mtunsts hitsHmauiniTinRiithMgsnaiuMisnRianRimriia decompression tsimi 
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bonded prestressed beam 1 UBlUnBMBtilM9IB* IRHaH1t3nHtsinHlSfTlItiltlin[m:iH9riMt3I9 

A <2o ) CU Gt c* 8 VJ <*i 

ItlimmiimmaiWIUM compressive C-line WHlsUtt mtsIlflniiniinBIHSfnHtslUlSHinmitil 

vJ 1 ^ -v» c/ i n cj- 

HsmmuRainnHiiJtiiinBtiJuiiMHHtiitji i 



Figure 4.40 Prestressing steel stress at various load levels. 


IfiffitnBtfiffiimBI first cracking load II^mimiH1BR1IR1RUammnli3UTlI3ItIMH3RlR 
(section stiffness) E3Qts§ttfimmTRfnQiJ[ifiinmnfistSTmsfnnEJiu i fiSrdntss iRTRiTRfiriBfiT 

x V Liu vJ Lru Uy U 

n8in99i3RnHITU«BHTRlimiin38M!lJR 1 

ct U &J Li i 

RaTflii3MiiMiuMraRaiaiTRtiitiiaRii9irTiR 

1 U l Li <* 


fb=—T 


, ec b 
V r 2 y 




= fr 


(4.24) 


itlCU H^EUtfliS StiBHififiJS M cr f^HHl3il3nJfi[lJ11CUniJSfiS1l3Hfj (. M d + M sd 

+ M l ) 1 nfdHfTIJ 4.24 


M cr - fr$b + P e 


r r 2 ^ 
e H 

V Cb J 


(4.25) 


mittanmffsmsfHammmpnaitnmammtf 1 8 1 



HmlsjiramMtuiaSilcij 


NPIC 


fitUntalK r 2 /c fc tflfitH upper kern JtJM ifc f tiBIB8 P e r 2 / c b 

filSTti C-line REftltimTHRtiTRitiiglBnJlB upper kern II^minBRl3TSntim[TlIMMBnaiMnM&ia 

vJ v Li]Lj 1 aj - i Li xj eJ 

itrih i Abibsh f r s h ^HHiamaHliJwTRifnnBiJTiniinmBiBtmHinijSuaiBlMiiMiarTiiBirTi 

Li tj i) u f U xi ex Liu eJ c c* Lj V xj 

maitrrliihmwiiHiniBUBmwM (overload) Sattiis1rjnrj8im{nimsH8mRRMim?[yt3mrj 
RHSTHfiTIHCm 

ct U m 

(s.&8. jn (Partial Prestressing) 

CT1RJ partial prestressing tjimRJUJnnfiHBmBtnBl]Rmn|niBll§mig tflimwUiniRHB 
titiluilSHiaifURaimaiiJimigmg taftinBiBiinmifitBa} i Partial prestressing nnimaingH 

ilunaimatiJnnmiSiiJRHaiHBiiuRaiinamBHiB^inuinamnnnni aagingBi3iuMMiHi|U8 

BtimilHBIHiminMfllBlna ultimate flexural moment strength 1 H jn {Ut KTITj S fci fhST S H J JU fij 
partial prestessting SflfTU|fflj|RflRmillfl 

flSrJtUmSthUnflltUn long-term creep lUflhtJfitilTR'IHRtiTflitiMtifi 1 IfilfitilfifiimB'lBimJfiti 
fflitHtfl underreinforced uJhjbIBI ductile failure UJimiJntmtiRlBfTlItitlj yield HS 1 IRITIS 
RnJISIRHntJRflTffifliJi uderreinforcement IlJimtTUfTinimilJnBHmRBIlJtllBilinmilJRiafni 

ct Li ] Li Li ^t> 

mrntflBISlinWtnR TlRfitUlSltil overreinforced iflimirafTiRimiiJnBHtTiiiBBiiJtmBiinmraRa 

xi xi Li Li e* ] 

ramBlTRtiMIIMIl3fTlIMl3R&ll3It3tlJtllfltnatlin[m: ductile RBtjlin 

Li n 8 

|UinBIBR1ItnRHjnaigjRIRRtnBIBl|RtiB} first cracking load IlJtll M cr jmnififmuinj 
Sfl nominal moment strength M n lUMHSfTlRI {UlflSlSmitnmSSHIBmRHISiiSlRflHflmStlJ 

lainiRiaTHia aanTSaiiJimiiJntiiHmBamtnniiiiJRRB mnRHistslRaHflmSnjrmmmiTmflQ 

Li]Li Li i) x* ct n Li]Li 

SfitiiHmBtimtnimuJRRB miilntf haras mfimmritf i 

19- ii xa ct n i U 

tiistsl iRiimBiiinmHimBimtnimHHiaiTa* M rr iuHtnanrmMrdfl sAtttennjifirafj 

v v Lj cr ej j ei 

overload ItinJHBfTlRRnJlS'ltnB 1 
1 

(s.fS.fi. fDJR[inRHH^t|tJ8 (Cracking Moment Evaluation) 

qmtman 6.tf : RnflsiHHmfus M cr tsIntagHHsmriHfyj itsgmtnjckn tJ.b tuimnnjiRgtfiiuM 
overload moment IlJWBHinB9UgtiitnBiaiintlIHBtlIlJlBraMraRl3 1 ItflHIRimBlIHRimMiRfnn 

ct xj r i i i 
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tag overload 1 IRIJnm f r = 7.5 Jff = 7.5^/5,000 
= 530 psi(3.1 MPa) 1 

Btamsiemuj: nqmiman 6.1 q 

P e =308,225/6(1, 37 l&V) 

r 2 1 c b = 187.5/18.84 = 9.95m.(25.3cm) 

=3, 750m. 3 (6 1,45 lcm 3 ) 
e c = 14m. (35. 6cm) 


m d + m sd = 2,490,638m. - lb(28lkN.m) 
M L = 7,605,000 in. - lb(S59kN.m ) 
nfJHfTIJ 4.25 


M cr - fr^b + P e 


r r ^ 
e H 

v C V 


= 530 x 3,750 + 308,255(14 + 9.95) 


= 9,370,207 in.- lb 

M t =M d +M sd +M l =2,490,638 + 7,605,000 

= 10,095,638m. - lb{f,U\kN.m) 
overload moment = M T -M cr =10,095,638-9,370,207 

= 725,431m. -lb(S3kN.tn) 

ufimtmiffi m t >M rr KHHisrmmmgiitJiffiriJimaTmamrmsitntma service load 

i cr ct ct Li 1 U -o 

tiBmjwBnfitimjRimBitBlntiqmuijnfi tJ.b i iHHniiMinmnrasntiaaMiHirujR 

II v-bofc c* * I ] (\ l_J c* Lj 

M cr _ 9,370,207 ' =QI)3 
M T 10,095,638 

ruMBiuHHtiifinnuBmnmi m t satina M rr iHnniiMiflmnruaii3Bi3MiHiTU*Bi3i3 
tilt! 1 udiSi ntl nonpartially prestressed member 'I 

Q am til ISlinanfnjjj nonprestressed member tuHjiJitlci partially prestressed 
section HHtitHtTCUlfa JU dM„ >1.2 M „ tiBfnimHmntfmJ ACI Code 1 

TJ 1 1 T II Lf v 
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6.90. tHfitUmaR SmEfifUltJfiJWfci 

1 A 1 1 n 

Load and Strength Factors 

6.90. n. fncigfitifl si3M?ooinm&frnftmjihuffi3 

1 ci i «v ud n i 

Reliability and structural safety of Concrete Components 

^S!iJwtnBuiSmmi 3 Baauia 1 ni 39 MiHnS 5 tnBri 9 nwmtJ 8 ii 3 i 9 lit 3 Si[ijiirnin[mmai 

n vJ u ot \J ci nj 

i 

uirouBUTB RtiBtjiB'iinwHBifififi: mnRaiaTatmairaaiarTiiHniimHaHranatTiHfnirilwin sr 

V. W ct 1 ) vJ Li n 1 

1 

fnflmn^SnitsunhmBtfrrinnJimrirnnnrniraMHamuRa aamnrarunanriTBiMTtntHfnRri 

Lru EJ C n 1 Li Li cJ ] U Li 

Ninmn BtimnBfiBfiiBTtjEiB i Jtnrr^njtncuS^tss mRMrjJBmnfnmrQsnammnrisiRcmnm 

1<V 1 O u c3 V 1 1 Uct 

miniMiB i ii^mtmiuBmtmBBmaHiHaamimjBarirnitnfiniJtitiifTiitmtiiHmBatiiRniiriuM 

«>• U V 1 W 8 

raRR tHmmMiHfnnTHftnBiRMTHtii uJwmfiiiBBTfiftnBRifitJBm i 

1 i i Uu Lijj Li Lru 

tsiniassn 9£&!S, Baker tnBiMBflnSinmTMniHmiBfniniinmHnnjiMfHfnn RtraRim 

cz cz Ct V Li U V 1 1 V U1 -o 

islRRmriR d.ti itJimnnnwmihmmHmHTUtntrwin ilSiBsnHthBHBruinBititiamnnTtftH 

ot E1J Lru is Li O cz y Li 

H[mMiflmn8MtpilJWtnBrlgnnilJWfTlIR[mBl 1 fiSntUtnRCUmjia (weight failure effect) w t 
MTH1URRlItitR3lB workmanship, WRSnJltBRlJtflRTJBR CUStiCUtSfnJtnfi SRCUSfnnSIJSEU 

UnO 1 Q 3 d* c3 e» 

tRftnBmjuBflimBlnamna i 

tHHimMiHmntusnaBiafTiitnRn 
xw t 


S.F. = 1.0- 


10 


(4.26) 


iflniRiHtmHfaMiuHnuitnraMBiniHTHmaHMiiJtiitnBfiBntiiiBlitiifTinBrTinMBti 10.0 i 

cu U ] U ci e» ~t. 

BBnmHfiaiBtH mRnBrjfBmnrjTHiumms°imR8nBlSmmmnutimt3njHisfisnciJi;iSmnBfriJ 

U U i i U O a a U i ci c 

rarjtftfjRuR s.f. = 2.0 1 

^BHnaiBtR^HmaaBBBtnniHTRTTitnuwimiJtiiiiJisTwimtiiHmBauBR BRiiwwijfiB 

UUu u U Uy Lj u dj l n V 

tilR 1 ^BIBllBIBSHIBtllRnillTMIlJtaRlMTHimTR^auflllJR BRlTRtRtrijlUfiR 1 SIR load-and- 

V 8 Li lJ ct Li Li u CJ U U in 1 

resistance-factor-design method (LRFD) SR first-order second-moment method (FOSM) tfd 
BffiiniiiRiiiiJniBRBR^BiBiMTHiufimRtHtiiRimrTBBmiBRiiHimBinaRiHRimiiJtiiimnwnitii 

V I r> u U eu 8 <w dj i Uu 

-UtUIR (probability-based factored load design criteria) 1 
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Table 4.8 Baker’s Weighted Safety Factor 


Weighted Failure Effect 

Maximum W t 

1. Results of failure: 1.0 to 4.0 

Serious, either human or economic 

4.0 

Less serious, only the exposure of nondamageable material 

1.0 

2. Workmanship: 0.5 to 2.0 
Cast in place 

2.0 

Precast “factory manufactured” 

0.5 

3. Load conditions: 1.0 to 2.0 

2.0 

(high for simple spans and overload possibilities; low for load 
combinations such as live loads and wind) 

4. Importance of member in structure 

0.5 

(beams may use lower value than columns) 
5. Warning of failure 

1.0 

6. Depreciation of strength 

0.5 

2 W, 

S.F. = 1.0 + —4 
10 

Total = 2 W, = 10.0 


mbrtji d>: HiiintiiirimiHHimiiMMtiiuMHaRraHa itrim y, tfiiHRimuBnMTtnunjifiB 
itija'JIUMUBRI |UMBItJ R n tilUMMStiHSn (nominal resistance) mMHtiRraRti Si3 WJti 1 
RgnnraBnMtjnu|uin8i^i39iBUBniJiRriiw 

tiRn^rN (4.27) 


ttitU /' tjTOSR titStflUBrntsI UBRHITjJ tlSRSTCU UfiBnWHITMmBtiiritlJ... 

V * u -va e» U 

ms 6.69(a) st3 (b) uaimnmnuamn frequency i^BiiJimlBjnnipiBUBntiimMia w 
BaiiMMti r ItJtmnBmHHUTH r atj w i ms 6.69(c) uairrinmnsimiSmmfnnuamn 

in suU v rn Loj ot 

mtani itiimfnRmTRtiBimtj c i 

ot u 1 

iTR^aufiaamBMiRmn BamtiBRBRtnBiBlintiiiiJtmiBR w MRialBitiujaBiuiB ctcu 

UUn l in d* o. o’ i 

Isiiftia w luimiiMNii r wRiBlBtiitmBnjiB cituisiima r i HniftrmstR infttiufiBtitnR 

O in<^ ni eJ-oUUUn 

i 

TUMBItJUBR UIIMMSlMRIBlntittiBRIBlRtimB 6.69(c) 1 TUMBIU B tilMSMISMlRffin 

u dj-dino- otdiTj <=* v u ' ditJio- 

(safety index) iS1° 
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P 




R + W 

a R +(J W 


(4.28) 


ttitU ct r Stiov til standard deviation StitlSR Iljtign 1 

i 

tijiynmuM safety index p M|Hiu|unBi|j3aufl!tiniMBH|umi3ai3|ytnuniimgmitnR 

I 

mrjrunsrsiJtnsuaifmsimaras i inHiBMiamiSrntiiniwnwiniastimtiJialitiniftitiJ 

U d Utj in -o C* V n -o U7; l 

fnnSMHlIB R saw insist ti umnfranitllianMMtiftitllflMltiim standard deviation <y R Sti 

a w |RltnsfnfiiJSffi !tiwi5iHiraitianiaiBiai|fTiHB[iJit3 cislmyus 6.69(c) ihrb*i 

fruuiSBfnn8M|pia r-w ymiRiRUBm <j R u a w |HftnBiBi§aitiirariBii[ijmw 

njRim:iMtiRB 1 inHiBBBtiitnaBfninsniiMinmnitiirafnnTBMWMHtH safety index B rihihj: 

Rinyjwww R n Bi3^-SMHtMuii^miyiiHnnj , iiMMti^aa rafjturasfv,- mhihj ib1r13mhru 
4.27 1 IRIMBifitH safety index /? tSltatSTS 1.75 tsl 3.2 MTinUirafauSlUfiti UJUJRtHRBUtifi 
M|HiurnimiuB}uBmtitiiHia8jtii stiimratl ^ 

yiMBiu u t tiiusnmmjjiimRtid tsis 'Ly i w = u i fdynumrasjusmtijtm 
manjrmusi tismticuHstnslRtnsTntu BtiMHtnmB8Ha rih u ; itiwiimaiiBlRia asce-7 

c* d* nU ~o cu‘ ct 

Standard Sx3 IBC 2000 ftiynu U t HHUIHnBlj[iyJia1yi3MHmi 4.2 Itittf </> l R n >y i W i >U im . dX 

r 

U = </>jR n = max[l.2D + 1.6L] (4.29) 


6.99. tHtuuiuan aci sfcmHfiMffifnci 

1 <£* U | CV 

ACI Load Factors and Safety Margins 

6.99. R. tfnnjfmtingtsl General Principles 


iHRtuitisR y aaiHrnmmnuaHmMMti d> iHimBitHRimMffimnmHwitiwnnnw 

i ' i «>■ in' v l i 

yiinguBmtitu 


s.f. = Y [D + y 2 L x — 

D + L </> 


(4.30) 


tticu tj) tiuHtjimfnnuBBmMMti luim ^aa ^tiimfiMusnedymiusmtir Dstiusn 

hitSi l trttiffn tiiBiBl iniraiHHimlnHBiMTHiunBmtsi BaiHflnjmmitiitiiBtfiWTH’muBR 

LJct V U 1 u U d* } V U U d* 

Hitii i iHnniirnRUBmnMMtilTUTUtmglmHTUinBRaTsna *i 

1 1 n U by Li i U 
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Resistance, R 

(a) 



W 

Load, U 
(b) 



Figure 4.41 Frequency distribution of loads vs. resistance. 


mmanmfsmmammminftaffntijammf 1 87 


\T.Chlun\ 



mmlgjimmfjiuitiwltij 


NPIC 



Figure 4.42 Probability of failure vs. safety index. 


inTHimaHiHRniiiBiitihiamnfniitJtiitnBtiiBtmBitJimHimBaiHnnjiuantJtitii 1.2 eaTmtiusn 

Lijj 1 <ije» 1 1 c* V Udj 

ttil Si3 1.6 WTtnUUBRHITSl totJBtTJBmtnUJ USRSS1CTltiltitUUmflt3USmtiJ StltJSRmtiJ 1 

Udj U ij & V & d* 

itliffifmrasRmtiJTRltnsiiisriJisitJiffinusHSJtjrjtJSRHsSmijj Mihsmi 

d» Lru ^ Li ts dj V 1 O U U i_n 

timsimntnnstiwsfmsmHraMlitnsMTRRaijtJsmtajnirirj 1 ttfirafmmnmomssnjiffi isu 

V EU 1 Li V <ij 7J 1 

tHRiuirarjusRmtaJRtiimHRnimsmtiJ 1 

1 1 <* 

Cs.99.8. WHfnnHfilUmSfi ACI (ACI Load Factors Equations) 

ACI 318 Building Code international code 1 timSiflHSltlTIH 

1 Si fflH International Building Code, IBC 2000, IBC 2003 Till ffi fl jtd Hi Si Rl H AS CE-7 
Standard on Minimum Design Loads for Buildings and Other Structures 1 fdRuIJSlLni tHS 
mHTU^UChtRtiijRIMTHlljreRniinMfiJiifdlRfTinititUJnaSR <1):R„ ttitu 6 tiiraRtllimmJSffi 

eu Uu uctU 1 1 n 1 1 Tin t 1 o. 

nMMt3ttinjmTMffiSRTUlfiSrafjRi3TR1l3ititUnaiJ[UntSiRl3fTlJR[lllS1 iltiCUiHHIStitstil RUHR 

1 n Li Li 1 Li ct li V 

mttlti RliRIR URIifdtiR itu 1 

n ^an 
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titnss ilSRRtUlSI TJUBRIHRim (design load or factored load) ACI § U TfifmBfitH 

V d* "VA 1 ' ''fc L»u CTJ 

mtJiuntinmMi^amHiiJniBBnitnatiMHrni 4.31(a) utii(g) i ifnJauflmaHMniHialnHiri 
uamtSi BtiHitimmw fltsiasinrHfiSfTiiHiaHriHiriiuMfiantmiaRHm uiraainminaintuiR 

V Ln) c* n e? <ij w -v* Li e» c* 

Htii i MHRii8raiTRiHUttmtoSuBRWTinuftnBmntotnBfifiumnj8TW jctuhB umhigsid 

u U in -o O U o. w. u w- -v* n 


IfltmininnifiBtjiRuincn usn: 


u =ia(d+f) 

(4.31a) 

U =1.2(D + F +T) + 1.6(L + H) + 0.5(L r or S or R) 

(4.31b) 

U = 1.2D + 1.6(l,. or S or R) + (l.OLor O.SW) 

(4.31c) 

U = 1.2D + 1 .6W + 0.5L + 1 ,0(L, or S or R) 

(4.3 Id) 

U =l.2D + l,0E + 1.0L + 0.2S 

(4.31e) 

U =0.9D + 1.6W +1.6H 

(4.3 If) 

U =0.9D+1.0E + 1.6H 

(4.3 lg) 


to 


d = uamtii. £ = UBmmmB. f = usRfdHiRS'itirafjsfi 

«* & u- a j n 

h = usntotnsnsHs Btiwtrin8HajTJw!l aasmalniaB 

& n c* 

L = tlSRHltiJ. L r = USR^ytU. R = TJBRBmqjti. S = TJBRJpW. w = USR8JCU 


mnMmtmj 

(a) iRHatTnmHimfnRUBmiHnimuaninM l tBlRtiMHmi 131(c) ifflfltii 4.31(e) 


(b) 

(c) 

(d) 


hrtrho. 5 injRtomiBtfiB mstifdTH'iufmtmtdi: BiagRiaafiJtiiinauBnHitsi 

U r (u u ni 

GIjU3 1 00//? / ft 2 ( 4 . 1 9 kN / m 2 ) 

Code HSmimmtmftJ 1.3W ttotHItB 1.6W ISlRtifbBfni 4.31(d) SD 4.31(f) 
MfjntiUBRBjnSlJWHBtnBRIRUamilJimiHRimgMIlJl (directionaly factor) 1 
IRRIip IAE tjSfiHJfltff 1.0£talRi3MHfTlI 4.31(e) Bti4.31(g) ISlinEutoiJSfi 
gaiCTlf TRitnBRIlilRUJimimntii service-level seismic forces 1 

■nj Lru 

iRimmiHRiimuM HtwBtiMBjialRtiMHR'iJ 4.31(f) aa 4.31(g) {uwsramnto 
utimtun ^TRftnaraaiaiiJimHirliiJtminjntiin wve i iRHaTfifRfitjrntiJMtnn 

n Liu Li U u w- n 

8iaraMB!iJnitiwiiMMtiTusni3ai3HiniuMUBRitiii3igtRigini3 h is irirtrJrr 

ninLi ^vJUct L»u 

UmtUfllBlRanMMtiHimai (design resistance) 1 
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inTHiinuBiuBmraarmngi3HTRniiH[iin8[inH[mmiiJtmmi*tJiR tiiniMMiBlintuiiJtii 

Liu c* vJ <* Li Li W 8 a Li ot 

HMMtiiriTtumBi3flgntmiBmraatiii3Hm tiBtfinMMiawTtnmjBiminn smjsnmHHm u 

iciLi & & U u v l n U vJ O -v* 

iiMMtimmBlnaHamiJtiiinBiauBRmHifm i 

in c* n vJ 


6.99.3.1. fnimtiUBtlJUBfiHtTsI Reduction in Live Loads 

•n. at 

i 

Mtinmtin inHiBiinntiniBaMBRtsiHiaRiaMimBUBRHitsimtiHMHBiniirauiJniiuiw 

U e* 1 ^ 1 rfj Li n 

ItalEIITltnBIB 1 tiBlBS HtiflUJtlltnBttiiafiBntlJ (influence area) tTItin 400 ft 2 ( 3 7. 2m 2 ) tSTt3tSl 
inHiBiiuMHrnisiaiifTiHiBiffnniiBfiuBRHitsifnHUBra: 


L = L, 


0 . 25 - 


L = L„ 


0 . 25 - 


15 

4 . 57 " 


(SIR US) 

a, rrRi ft 2 

( 4 . 32 a) 

(SIR SI) 

Aj RRfrl m 2 

( 4 . 32 b) 


ttitlJ L = UBnHItsIR[mBlfTlRUBm 

l d =usnmtim[insiiE 3 tuHsmfiusm 

Aj = Influence area *1 fil “[HI U 1 [Rj R U R 1 Rj R r[fi1 H cantilevered construction A l IjlltjiJR 

1 

MmuMTHiuMMn a , tfittiJtiwtni 3 MTinunH umspi^tmSsantHitiJgnonrsrd'i 

n Li 1 a* n u ct m u vJ >*> Li 3 


RSRRhhSIRIRRSmBSmtsRtstilR 50% ISUSRHlRl L„ MTtnUlTtfttiufitatnBHmthB 

<2J O. v d* L'ULiLJn U 

SRBSTRlRtstilR 40% IBUBRHITjJ L„ MTHimn^l3Ufl!lJ[lIH1BiraBtill3HmtilB 1 IHHBTfiJinmi 

Liu u & O' Li Li lJ n Li u Liu c' 

fnnnBmUBRHItsnB MTfflUUBRHItslllJtllHIBBtnHtitiiauiMBti 100/ft/ ft 2 U.79kN/ m 2 ) 1 

O- U c* U 'Cl ^ \ / 

MtHiuraiBiJiBiiJniinBitsmBrinninBrnRUBmtffiaireBTRH 20 % 1 

Li cj n U U 


6.99.R. UWMi3RtUlSl BtoUMffltitiHm: tHRWlfflfiUStlJtJMMla </> 

1 n 1 n v» 1 «v 1 n T 

Design Strength vs Nominal Strength: Strength-Reduction Factor <f> 

IIMMtilUMHam|j 3 auflllJWH[mBlIlhmitUmraBjUBRBiaii 3 til nominal strength 1 

1 i 

tfiEiBiuimn MTHiunHUMMtiHHiaiBHSfnHtiJninimBiiihmiTUMHrnitiiBa BtinjRnjuiuMiunti 
BaitJntflitnBimtnltil nominal strength moment M n iBtjRHnmnHBMtRRRafTlIMltiMti uGtil 
Bin uBintiiuwftiR umtHUTHniraMtiimm: i WMMtifnnuBmiuMHaRTRftnBnnnRtii design 

■v* -oi Li Liu s i n n Liu ^ 

strength JtlMHtifi 1 
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fdftnUgH nMMi3Htfljtf[IJlBl (design moment strength) </>M n HIHIBmHIM IfUjlfflJ 
TUIMraimaKtHdtiiaHHtilHnnilBianni (external factore moment) UStsTJSti filTHIUtUfi- 
stih^tuHi^nmsusmHRtiTi u numm ^!|U|unn9iinH[mn9itiji35iafTingfTii (behavior) 

juMHtimrafatrij aairanitiiiBlmHmnBiuMir^aud i qmumifi MranunHitifriirin & = 0.91 

n Li U (Ti Lj Liu Li Li lJ Fl Li c* • 


Table 4.9 Resistance or Strength Reduction Factor 4> 


Structural Element 

Factor <{> 

Beam or slab: bending or flexure 

0.9 

Columns with ties 

0.65 

Columns with spirals 

0.70 

Columns carrying very small axial loads 

0.65-0.9, or 

(refer to Chapter 9 for more details) 

0.70-0.9 

Beam: shear and torsion 

0.75 


MrmnMMitamBuJfifitiffHmitiUBnMtintfiimwiHHim 6 = 0.65 i Htmuisittinj 

Li ~t. n 1 ' y 1 

l n i n cu v Li U n U U U m 

i i 

fjjtj aaiBmraaritiaarTintiitiiuBUBin aarnitnmflimrMtDitJtiiHBHiarniTtifTiMinMatiiHa *i 

] eJ Li n Oi Liu Li c* ] 

HnaiBjn GHTRltnsrituisittliffitififfijiasIfnntlitJGHssatnfii oQiss tUBmniuMnHMTHiumi 

U |J ct L»u y l y & ot Li 

TnmMHiMBHainwtnnHBtTTiminmiTutHHimmHuaBiWMMtintiiai 

U c * 1 1 no Li 1 O- 1 n 

mnia a.d MiauiHHiimiMMia ^MrinuHaRtn^auflitiia5!tJwti[minmitJimAci 

a i in ' U nUUnO n 

Code 1 


refitinmmjamnMMittUM AASHTO AASTHO Strength-Reduction Factors 

rmcifimttiij: ^ = i.o 

6 = 0.95 MTHiuHaRraHairanaTmaBifTitiiiTrnmftJtmjimalrTiitJia 

' U n 1 Li 1 Li -o Li ct 

fmmrr atimmjfCB: </> = 0.90 wtjnuHtinitufititmti 

IHWIHHnmtiiaiBtSUUM LRFD ab Standard AASTHO IBlfttitjEinB ®b 1 

] U U ay 
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6.9l£). Limit State in Flexure at Ultimate Load in Bonded 
Members: Decompression to Ultimate Load 
6.9l0.fi. t&remtaH Introduction 

n n 

nHranainiRaTgnatnuiSHtnmilJtinHraHainnHialintiiiiJtiiHiHiuMHHianmaiaimri 

c* 1 U | U nc^Tjcti cu v su 

HHtsnug M rr atiHHiiiuBmSfniMra m t i imHtrustsiuiSHiRHtnBiBlintiiRaTmagirnialnia 

U Lj Cry e* l iotu Cl 1 U ~o c* 

ranaiBltHtiMiiM8itiitrdutiHraMH8fTimtm*^nn^i3Rattiii3Hnuitn f r =i.5fjf i nssa 
tt?lijfl5flr3TR1i3tS8 overload mSHRl3Tml3Ml3RIBinl3raHl3IBlTHlaB]raMtlJmniRl3Tinl3lBHTfnH 

lU n i U n <=* i U u U i U w 

UBmtilUBUBimtnntJWbl^tiMBT UJtmminmitlinJTsl decompression load 1 RTHRRi3Tfni31iSl 
fiti tendon TnJtnBimjntmninSTjl decompression stress ( IHWJTJ9 Is. £11 St3 6.6 m) 1 

C* LlU A y 

HfiHtiJRSSfiEUlfi decompression load ^UBmiJ£lIimHtni8BHmi£lItiI9Tl3IBlTntiMIIM 

rtnsu A <£n cx Li u vJ Li 

BUJiTRiiBHsmnnmstiin SQt^rjnedSianmHmrjHsmriRtinitijItijmsGHSTHrmHm i fnn 

U 1 Li ot D Li 1 Cl e» ct Li m 

SMmRBRtilRRmBialnamflmmiJimiTtiminnJlRBmHBmiUM decompression load tss 1 

1 Ct u C* U 1 

i3t5iSfnHimBfTini3fTiiiJinuBRtiifiunB9 MBRtSiitunapTitiniMgfnn f pe i jrriHmn 

uBmgmiiiJtiranmranuBRmtiHMuiSRtnB^uttHutHninatnju (strain) e x gtssiaiuriH: 



Figure 4.43 Strain in the concrete up to the decompression stage at the tension 
reinforcement level, (a) Cross section, (b) Entire section in compression, (c) Ten- 
sion at the lower fibers below the modulus-of-rupture level, (d) Decompression 
stage with zero stress in the concrete at the level of the prestressing reinforce- 
ment. 
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umHfhn decompression, i0linniiiJniRaTmaMi3mBl5!tTiiunaialTHtia?iiJmraRi3Tmi3Hia 

Li a 1 Li n I -O I Li V Lj | Li 

overload iSIS decompression strain s decomp = e 2 


tiwtiJBtitiJtiBBitiiTR'iH 

a & V Li 


f 


^ 2 ^ decomp 


A c E c 


. e 2 ) 

7 

v ' y 


(4.33b) 


ras 6.6m stiras 6.66 ut3TCTinrnjmt3tt3fint3Tmt3tsitnnjJt3 gaummintuia decompression 

TJ V in -o 1 Li Li a 

i£3mamraRt3Tmt3mmBHmmnrdtStl3st3aHraRt3HinH 5 i 

ot Li l Li E~\ c? Li U ct i 

iiJimtmraBRimBlBHwiBfnntiaiTmm uiTHUTHninaintumBH s, isinatJlRtJsnmi 

<in 1 Li Li Liu U J ot n 

1 1 

rai3raRRl3T?fli3nl3TRifri[intlijtJl3iniiSiRl3raS 6 . 66 (b) tficu compressive strain HRtJJtfliSlTRti 

1 U Li u m -o c* U x ' A U 

MiiMiafniMtiRBiaunin s r = 0 . 003 mm /mm i tslRtiRinJiramss fTmnsisrmsmTHUTHtij 

n Li C ct vJ Li Liu 


ntiinjninMUJmflimtmi overload itiWUlBHEIlUJ decompression load R 

( d -c^ 

e-x =s. 


(4.33c) 


tt3cu c tjIRHfdHRItl^R 1 utstSi ultHUTHtliriailitUMIUIBlRailJRITURaTSnaiBlTRtifillJnnRltll 

n O TJ Li Liu U 1 ct Li ] Li Li 

1 

ISSRIffitil 

cu 

s s — £^ 7 £2 £3 (4.33d) 


IRmBBBWtnBRtitfliti f ps I3l|Ria nominal strength tiht3t3im{fdmnt3j1{mHSSlRSSt3rfll3Rt3 

|fna BiaultHutHwnaiBjuiuMiiJRiiJtiititiiiinmiiJimtiwRRi ^ 


6.919.8. UftBmmiUlMHHni BttJMMtiHHtitiHtn 

cu 1 v 1 n v *+ 

The Equivalent Retangular Block and Nominal Moment Strength 

JimBrmirMBiBiiinMiiJnnRinBRimRiiMMtiliJtmiTHaBRiBlRaBHtraRaTRiaHBBatnR 

in U 1 1 ct ct U 1 Li 1 

iJBiiJtiitnBnftinmgiRaflnRB titnss iRRiumtmiMMtiHHtitaHSRimruRaTRiaiBlRaRii 

v iJ cty v u » 1 n u 1 UiU ct 

RimBlMinMTHItiRlITRRriBRTHiriraMUBRIRRlI !tJtlIH1BntunUtiiHRIBiRtiRtsl8[m 6.9 uth 

1 Li Liu U C? U c*S 

1 1 

6 .ri 1 R1IMBRmaiTR1HTRitnBIBIBTtil3tfTR[mRritlIR[m:iBR1IIUMH8RlRITRlHHiri ultimate 

vt> Li Liu o vJ e-J 8 e» \ Li 

load 1 

1. MBRtslRu!utiIBRmTHUTHtlinaiBtUtnBtlIR[m:UB1R UfdHIHITR (linear) 1 RlJfdSR 

^t. Li Liu l-J 3 <*i*vA Li ' v^> 

IBCRRimW Bernoulli’s hypothesis ItJWthHSRIRUtUIMIBllRntUIMHBintlliaRliriR 

1 lJ J vl> ] 


mmnnmvsmsiHtifflURtitfmtijmiiiiimmff 1 93 
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Figure 4.44 Stress and strain distribution across beam depth, (a) Beam cross section, (b) Strains, (c) Actual stress block, (d) Assumed 
equivalent stress block. 
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luiminaiglaaHnjimmirnmintiiiarninH i 

2. mtHUTHninaintuiuMiiJn aaiunaiiJtiiia1fi5fniiJRHaintmuHi3iTU8 uifln yield 

U Ujj U i i~oi | Li -vi J 

item irmraintuiunairus uttiR yield ^ 

3. ranaisiimnamimrm fiiniJialSnmnmwSuatamii^RUBRmalTtiiiJitiitii io% ta 

1 xJ c* -o U v dj U 

nMMtiitimiMtinnimniuMfi i titnss iRHBRHHsmmunaialRaHuaffiiTiMTHinfTii 

in n v i i ct -o U 

IfTlR atiRIJfiimBlHSR'lfiJtiR'lIEIR ItlimiRMBRIlJRmfTlBBtlimRRHiagilTimtJHM 1 

l ^ -o u eu ~o 

tBHTtjinrnniRsnjiWBiaiaRinaiiJR RHiawaR ciBlRtiiufitiTfiiiwBtiRtritigini t ibI 

&J -033 Ell Elin ct ] Lrjj ^ EU -o 

Rt3tt3R 1 to 

ct 

C - T (4.34) 

3HRMtmiBlRi3IUB d.dd TfiftnBRnJlfitiBBltilTRlH: 

n m c* Uu v U 

b = SSt3JTJfjGHtSiTtji3fi3i3fi 

ct ui n 

d = RHMIUMBHIlJWflMnMnMMaRSianRiUtiRigiRlBBTtlfigHaiUMTRBriltillJR 

n ct n U i u i </ U vJ (ii 

h = nHrjrjrararjQH 

n i ct 

6 . 9 la.«.lSii!tjra 0 }rontiti^ stifrufifmmHSfTifi 

Strain Limits Method for Analysis and Design 

(*.9la.R.1. tRlCUffltluigtSl General Principles 

intlI88IRIinm«lin8jBia*Sl unified method 1 H3R1firafitiHlBtg1tfnnJWMl3nfiBHRl 

eu -* li i n ^ 

(nominal flexural strength) IBlinnitlJnrailHUtHninaiBjUIlJimRlIMaRMg (net compressive 
strain) talMIIMMtiR8iai|RlUtiR ifiiglJRftiBfinJlfilTJM ACI Code R 0.003 mm/ mm *1 tsl 
ItltllflJtlinlTHUTHtlintilBtnuJimRligiCnMg (net tensile strain) s. HlBfitHBTRUTRlBUJtlJfitH 
ISIS TJIMBti 0.005mm / mm IBl*RinBR1IIUMflH1BtlIR[m:MR (ductile) 1 IRRimRUJfiUJl: 
JtJfjH8mPiGHfj1H8mfiJl3fnJSini (tension-controlled) tjIHffiSamJTtJfrifiJfrifiJSnfriJfnfilulffi 

1 ct i ~o l) Lj ct 

umrnBfwitnnmiBB stifnntfiuti i 

in ct u U 

TUMSra net tensile strain tBlMJIMItiRligimBltitTRlmifi e, tnBfitHRBtiBIBlRtiHtifi 

Li -o Uit eu u u ctn 

ItiRUMtifi ftjEUfiij'u'lta TJIMBti compression-controlled strain limit IBlMfiintiTftflBtitnRttfim 

n v *oi v* A 

HJfiimrTMHJ (brittle) IJllffiHISmJTtJfrifiJmfiJSRQRtiUtaRHSSlltnfi 1 tilStOl Ht3Fi Jtimjnfitjl 

8 U 1) x ' Li ct u 11 V n 

Htifi tention-controlled QHl3RJi3fTlJfiJi3fitj1Hi3fi compression-controlled *1 ths fJTBTOHSfTlR 

n n n n 1 l n Li i 




r.c/i/im 
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38 iJtitilHSfnmiJtlliauaRfnHHmHBimaHHtinHn net tensile strain e t IBlltUMIIMBlfTlBlia 
ITrTiaaHianiHBimsrmBmnnimnmTHUTHtlinaititurilH compression-controlled strain limit 

Li (U (U cn- Li Liu a 

e t = f y / E s = 60,000/29 ■ 10 6 = 0.002 Sr3 tension-controlled strain limit s t = 0.005 1 JUS 
uinmnnuBmauiBs RflBtiiuiTHUTHtiiiBiHmmmHUBGmMMtiliJtiiinBHBfHtnBiBlna 

in v Li Uu i o- i n in <=* 

BnmHtSinMiuiBfnnBrniiuMHi3H i 

a i c7 n 



Interpolation on c/fy: Spiral <p = 0.37 + 0.20 !{c/d t ) 

Other <p = 0.23 + 0.25/{cM t ) 

Figure 4.45 Strain limit zones and variation of strength reduction factor 4> with 
the net Tensile Strain e, 

M|jnu tension-controlled state, UI|HU|HWnt3tBjunnilH (strain limit) e t =0.005 

(reinforcement ratio) pi p b =0.63 UjCU p b tjltaCUtUjtUoRCUSiJ (balanced 
reinforcement ratio) fd|131UUt]]bitJ[HtlJrii3tt5jUtlJSr3 (balanced strain) s t = 0.005 1 Net tensile 
strain s, = 0.005 fdTHTO tensioned-controlled state tilfitHimnjtaHIBHBifliglRtiTfiUTTJIfig 
ttiR ItfimHBRfitilfltilUjRBHRl UltJmrantarsnaia 1 titUIBlUIlJnSMIlJtmnSn net tensile strain 
Rtstiiti 0.005 iBiinmniHtHHnn dstatfiti 0.9 fawiBimmHsmKHBMfmBwnimriNtiRB 1 tic 

V C? m 1 ' V C? 1 v a a IS. v 

IBS IfifiJIfilTjHftiRJtiR'lJMiafl (compression reinforcement) TUMSratnfnU nfil9Ti3RHMH8RlR 

u n 1 U >AvJni 

iuHJI oiHlOJ strain JSljfnti extreme tension reinforcement s t > 0.005 1 
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IRHIBRimfifitH </) strain stais s t = 0.002 Sti s t = 0.005 ms linearly interpo- 

lation tiGutiirntsImsfjHmjeimrmH: 

v in -\a <=* U 

MfjnuHsrnmiJnntuiiJRRanHsn (tied sections) 

0.65 <[<*5 = 0.48 + 83^] <0.90 (4.35a) 

MfjnUHSmmiJnntUIlJRRallUl (spirally-reinforced sections) 

0.70 <[</> = 0.57 + 67^ ]< 0.90 (4.35b) 


mTHUTHtUIUM <j) ^HSRHStglatltanJttStURHMHmilfimtUfiHMTUMgfnn c/d t 

u U«i 7 | U n O n u o> ' 

IRHIBMltitiMHR'lJ 4.35(a) Sl3 4.35(b) ItJimitthinnBjURHWHfijnJlR c IfSRHfdftJMS- 
mn d. iBTMmmiJR!iJtmgiBRitigiiTiiaH8RiRtiiaiRiJti&ii3iTRiH 

t U <ii -o i i) U 

MtHIUHSRimiJtmtUIlJRRatiHfll (tied sections) 

0.25' 


0.65 < 


tj) = 0.23 ■ 


c! d t 


<0.90 


MfjnUHSRimiJnnpilJRRalim (spirally-reinforced sections) 

0 . 20 ' 


0.70 < 


tj> = 0.37 + 


c / d t 


<0.90 


(4.36a) 


(4.36b) 


fdTHIU balanced strain !titlJUjRIBlTRi38'Haffim yield luimRiaintlltilHGim raRtilTJRIBl 

Li Lj ~o j cx d ofc ] 

|RtittiMaR (/, =f y ) IfiHIBRimRtinnnjURHMHRJimfi M|H1U s, = 0.002 

— = 87,000 (SIR US) (4.37) 

d t 87,000 + f y 

c 600 


(SIR SI) 

d t 600 + f y 

tilfilttSt) iSlintUiutU net tensile strain iSlfitl extreme tension reinforcement tJTRUTffia 

q cx U U 

( TJIM 0.005 ) HSmRTRltnSRfinfitil tension-controlled UJWHIBRIJTURIMHIMBtBRlJljlR 

-va ~t> i Lrjj Li cx 

friHmstifnntfiua i 
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6 . 91 Q. 1 U. 

v W w v cj rt 

Negative Moment Distribution in Continuous Beams 

Code HSmififnRtJSffiHHamgjlMQHltiHIS (negative elastic moment) tSl[ftt 3 S {mufti 

SHtiiuuJimHTsnntitiia [looo^l mmtu tSitmnamHHKtmnTKH 20% 1 hhjiuirruJihjmij 

ttl ductile members, GGSMSIfliJMts (plastic hinge region) 

aainnnmtnafnitiiMumnrmHHHiaiHgnMti 1 ntiRiimtiiiiBB custatuHfnjfnfmstiiHHtiHlti- 

c m n U U v vJ & ct Ue» 0 . 7 J u>- 

tnaiSmaifffaHHSJtiHiaiflimKtHTRftn 1 fnHmiHatmmuM code iRHiBiBmitutiiBRHHij 

«=» vJ v tu L»u c* 1 m e» v 

HltiHistsjtilmtnsfR ntamtiji s t >0.0075 rntiHsmmiJniHHtiTRftnamHuam 1 irhshib 

M- vJ ct I Li 1 TJ Lry tx 

HainmiraaiBRHHtiimalmnamimninBRTtntiiiiJtiiRniinMtntnTRiiJim direct design 

in 1 ) vJ -\)Ct U 67 U Li 

method (DDM) tilStS 1 



Figure 4.46 Allowable redistribution percentage for maximum rotational capacity 


JUS d.6c) UlJlRirimiIUi3IBRHHlai9Tl3lrnHBtTTlRMTtnnnMMtiHUTUIHl 1 IRHIBTtmB 

V in -o TjvJ-oimLi i cn eJ U jj 

n!|HutH[unaiBjuHujunn 0.0075 taiiRtittiiamimnjiBlaaRinJiiiJwtitmBjmiJRMijnuuBj 

tt3m|unl3[fnt3 BtiUjRHHRlHIBWBflyEHtJR (reinforcement index) co HSGfrfo 0 . 24 ^ DfoitiSSfii 
utiRMunurniRniiaiiiJiratiinimrMR (ductile design) i iRuiflBmtHutHniniaiBjuHRnitn 
0.005 fiJJHIU tension-controlled state tsls 13 reinforcement index co p = 0.32/i, U co T =0.36 f 5 x 
tJBfninimaiialna Code commentary <1 
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ACI 318 Code mRIHRimRIRUBmnMMtiHRmHl (/> = 0.90 M|jnu tension-controlled 
bending 1 JiTRiatitinnBtuRHWHRirijiR 

Ed U ot in n Liu U n O 

1 

c/d t = 0.375 fd jjTIUm [HU [Hflintii tiju s t = 0.005 IRlimmtiUJIBjTJ c/d t BBtiltitSS 1 rd[HTd 
fTu!uait5RHHtii9Ta5tniBintinHtiiu im[mmiHimmRtiwintuRHMHRi[ijinnti , i wnnu net 
tensile strain IttaJtnBRtH s, = 0.0075 IRUnmfTllfnaiBRHHiaifffalm 7 . 5 % StifdTHIU 
s. = 0.020 IfiBJR 20 % MTinURliraiaiBRHHiaifffiaJfn tiBTJiJltTllBlRtiJTJB tJ.tJa ^ Tensile 

t U 7 JvJ-o 7 iLn-oc«U 

strain IBlTRti!tJRItiRlimtT181i3tTRiUtiRinBRtH 

Lj *\3 Li | cu 


s. = 0.003 


\ 


d p_ __ i 

Vf J 


(4.38a) 


tiiqmumifi jumbit} d t = 20 in. luimRHMHRjririR c = 5.ii«. 

e t = 0.003^— - 1 j = 0.003^ - 1 j = 0.0088m./ in. > 0.0075 in . / in. 
IRHBiRRtHHmUIHIMTHIURllluaiBRHHlaimiaJtTlItJimtllRnil: inelastic 1 

in cu e4 U v vJ -ns 8 

IBlRtiRinjilB* RliraalBRHHtilfffliJinHBtTnRHRniHI =1000f, =8.8% 

ct u vJ -o i m t 

mHHHttHltjHIS =(100-8.8) = 91.2% 

cu v u* V / 

RiiraaiBRHHtiHRunn 20 % HismHrauriRTmuitu = 0 . 24 / 7 , tiBislRti code nsntituH i 

U CU Li Li f 1 jj ct 

IRHIBUiJUnitJBRimRIBJUJimBBIRBBti reinforcement index fdTHIU bonded prestressed 

in -o U A 


concrete members yG SntifjTnH: 


d 


co - 


— {co-cd)< 0.24# 


(4.38b) 


ISlidtjl code HBrmRRlIIuaiBRHHtilfffaltTlHBtTTlRHRniin 20% U [lOOOf.1% R 

l m TivJ-oim m L t j 

ttfirn iRIRRIRnilRRlRIRlIuaiBaHHtiimaltTlIBJTRHraiUltll 10% -15% tilRlITTIIM1 1 tflRIJ 

U vJ -o Li Li Li 

ftnift) ACI 318-02 code tCUlSHtsl mirai3113RHHi3tgll3lnilSiTR^STHrafjGHtj1ljHSTR!Gtj1l3 

8 7J vJ -O Li Li ct Liu 

[iooof.1 mRim tftHmgtifitHHRtmn 20 % tJBUiJirniBlRtiiuB luimiRTRffiiBTaHHS 

L I J u CU V in ct 5J Liu vJ U 

ItiHISlSlRtlfnEmcmn ms IRRnBRliraaiBRHHtilBTalfTlSTlHtllRim: inelastic falBlintlJUJUJ 

u* nc'inwcs' u vJ -o 8 

e. > 0.0075 RirfRRTHfituitiiaHmRinBHBiRiBliiSitiia 

1 Li 1 U Lru o- Liu e* u in c* 

tJtBltiiaiBtRBil3HMItJtlIIl3RlinR RBItiRlfi BaHSRIRItJtUItJRTRftnBUtnTU 1 

O U cu 1 Lru fuj 

IRRIBnjntjl miniinMIUIUMItJRITURaTHia BaltJRBHRITRimBRtHTRUTHlBlBHTTB 

U l Li l Li «t> Lru cu Li Li U U 

usnreijniittJnjffiiaiuriijiMsa i.2tititaHH£uJnnBiHimitjj* (cracking load) itJniHimsiuJim 
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nnnnjHgtmJiB f r *i iRHBittjmitiwiinmraM ACI318 iB*M|jnu(a) nuntiisimnisM 
unboded post-tensioned slab 3tJ (b) Hl3RiaminmiJtlIinanMMtiRHiamR BtiIIMMi3HHtSriR 

1 v ^n i n cu 1 n v 

HhtifiBIM BtiHthttyHfluti (first cracking moment) M cr 1 


Cs.9to.i3. MMM43HH^tiH?nmMH8fnRt3mfnnil 

i n ti ** i i 

Nominal Moment Strength of Rectangular Sections 

miiuaiBRnarmaMan^mMaialRaHsmmalintiitnRtnagTHtitiitnnntmRa titmttim 

iUn n ct i U v 71 i n -o 

iBintiing 6.66(c) i inrnimiBnjnminnniBBiBHTRimaitngraMURRaTBnaMaR rawsralims 

et y V/ Lru U &J cu i Li n Li 

natiinuwi inHiBirauRRartnaBnifTiimMHHtmifim Whitney KhtitiimTwimthmHBHiBtnR 

71 U cu 1 Li i V J Liu 

HijmnMTRnntimiRimBifimtiMaR RiJBiiMMtiHHtinRiuMHsmRi unnatfnardHHtiJHis 

1 u Ot CU n v 1 n 71 1 CU 1 Li 71 

RHfd a BtillWWijMtifiHBTH 0.85 f' 1 tiBititmiSrmBintaJTJB 6.66(d) RIHITJW a = B,c 
TRftnBnimKuJiHiiTutHtum /?, iflniiBiHimrnariitiraMURBRirnimMHHtiiHiaRtHrauTiR 

Lry U i 'I c? U vJ cui 71 cu Li 

l 

niitnwaanRRaTRiatiinutiiiiJtiitiwaiRBitiMaR c HiBfitHTMitittiRinaRitmaitifin 

U cu 1 U y n 71 cu n cu Li J c* ct 

RtH 0.85 f c 

MTHnuRarRiaHBTHtBURRaTHiaMHH[iitiiinii}tii9titiimtmBBraRaia1in-mtffiaRB28 its *\ 

UiLiUcuiU y ca i i 

l 

ifflnwmiriitmBniTHUTHiiinaiBtuHBtTnRHRuiin 0.003 uJniBBtumnuJimACi tfifitH 

U Liu Jim u cu 

RtuiRMfRfnci 1 iffisntiimamiiMimaafBTHtiuRRarRiaiJBtiinaBRmmRuJim mfiBBnimn 

1 *X ct vJ 71 Li cu 1 Li y let u 

1 

unriiatsfimnjiriJHHcutjinatjRfiJiitlijRiimjlfnEi aaRimaiHsmRiuMiuRairmH 1 uJRTRftnBiR 

cu 1 71 cu n c* 1 1 Lru 

1 11 

MBRTslIBmitjlUJRim: elastoplastic 1 

v^> C5» 3 1 

iihmiraaiRiiMBRfiBiaiBHBitiHM flnrmHiuaiBRRarfliaTRftnBuuifnialnaiuB 6.66 

U 71 ~t. J U 1 Li Liti U1 -o <=t 71 

(c) ITlBTRftnaRnBTallTllJBnlJirniaiRtilUB 6.66(d) I IfiinBMnMJRtntiMafi C = 0.85 f'ab 

v ' Uji TivJ-oTiin-octTl cun 0 L 

IlJllItngtaynMaRialtRti HI sit RJJ ultimate ISlintUlUtUItlRSini yield (e s >s ) 1 IRHIBWIIWI 
1 

RHiurnm t = a„. , 1 titnss imtiHiBMiiwiMHRiiWBta 4.34 uJronnm c = t tstalmuQ 

cu -\s y& J y* V vJ -nj 71 

mmynH 

(4.39) 


Ap S fps =0.85/’ c ab 
a = f3 x c = 


Aps f ps 


0.85 f\b 


(4.40) 
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mSSWtnSUWfdtiHHtitSHfn (nominal moment strength) UJimHIUl CUT tfiHBJBiatti 

u l n u ^ v 0 1 -vi u 

UTIfjUHU (d„-a/ 2) ttuiasstmiis 

C* V \ P ) V 

(4.41a) 

ttitu rf p ttiQmmnehnrjrjams 1 s^sHsrari 3 ^m|unt 3 [mt 3 T fnumSnpp =A ps /bd p 


M n= A psfps\ d p~- 


imturjTHimfmrjrjauufmsiiSmmmaTfnamthni 

U 1 o Lj ] Lj ] run 


n Ppf ps^dp 


f ^ 

■ft 

fcj 


1-0.59 Pp ^L 


tJJMBIU of, til reinforcement index = P p (f ps /f' c ) ES4SMHPT1 J 4.4 1 b mtUtfl 
M n= Ppf P M]k~ 0-59n> p ) 


(4.41b) 


(4.41c) 


mmufHsfmlGmetfTHiumjGwmrafiutiRmmaHm titnssmjfj a iBUfiwtinfi 

LiuinyctLi v v sj v n tun 

Apsfps A sfy 


a = 


0.85 f' c b 

Tuwsra c = « / /?, iBismTHUTHniniaintuiBlTHtiB^iiJnnHm (IU9 6 . 66 ) H 

Li ' 1 Li Liu lJ Li y y 

d-c 

£3=£c 


(4.42a) 


(4.42b) 


MtHiuHSfrinBnifnimiiJtiiinBiiJRmcTitsHminHBnnnmtiifiJRMan MUfUJ4.4ib sumratii 

Li i i -o V- n tu 


M n P pf ps^d p 

ymintsMnMiHjiaiBjH 

M n =A ps f ps \ 1-0.59 

itiw 0) = p(f y ! f' c ) ISIS 


f ^ 

fi 

f'cj 


1-0.59 p v ^A 


pfybd- 


f ^ 

1-0.59 Jy 


/’ 


(4.43a) 


( d ^ 

eo n h oo 

v P d P J 


AJA 1-0.59 


C 


d p 

d c° p+0) 


(4.43b) 


n A ps f ps 


d n-y_ 


V 


+ A s fy 




IHHIBRfiHmWmiBWIHraMUJfiNtinraMBrafl yield ISIS 

v- Vi) n U J 

A f + A f — A' f 

** psJ ps v J y s J y 


a = 


0.85 f\b 

tt3CU b til99i3H8fnmBltiMi3HIUMBH 1 


(4.43c) 


(4.44) 


mmanmfsmmammminftaffnttfdmmd 20 1 


rc/f/im 
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(a) 



a 


0.85/; -► 

1 / 

[£ 

Tjr 

i-t 




* 0.85/; ab 



*A,fy 


(c) 


Figure 4.47 Strain, stress, and forces across beam depth of rectangular section, 
(a) Beam section, (b) Strain, (c) Stresses and forces. 


nstHH^rntiBrufiBHaiuMURMtaniBlntaiuB tJ.tJri 

V u uit/ sunctv i n v ^ <=s 

1 i i 

4.43b atjfnratii 


M n A p S fps 


f cC 
d„ — 
p 2 


+ A sfy 


d — 


+ />■ 


-rf 


(4.45) 


(j.9la.t3.i.ttMMtaHHtatsHsnJUMH3fnmt3tiJHi8EmtJ 

1 n » «* i ni 

Nominal Moment Strength of Flanged Sections 



(a) (b) <c) Id) 


Figure 4.48 Strain, stress, and forces in flanged sections, (a) Beam section, (b) 
Strain, (c) Web stress and forces, (d) Flange stress and force. 
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IBlinnJUJWRTHlWMlTJMafi h f RBtfiaRHWHRJIUlfi c BtiRHWHRBRIR'inJlWHHtlJ a 

U cu r\ J v niJ nsui v 

tss imntsnRHSfnmBstiiHsmninBtinuiJtiiBlnaiug 

1 1 £U v <=* v 

nrmmatns 

v 

T p +T s = T pw + T pf (4.46) 

tticu r p = = a / 

T. = Ultimate force ISlRfcttEjfitiHRl = A.. 

j ot Soy 

T pw = !gmanmi3MiuiBini3iiJRii3fnimmiJwtnimiM|]mu|gBa = A pw f ps 
A pw = T pw 

r pf =igmBRmaMniiBl3ia!iJnmmiJnitnfmiMtjnuMiu c f =0.85 f' c (b-b w )h f 

C w = 0.85/' c b w a 

itilffitjSWfliSlRttfbHfTlJ4.46 iffiftSSEUtilS 

W c* V 

1 

T pw = A ps f ps + AJ y - 0.85 f\ {b-b w )h f (4.47) 


intiniuRRHiaBnaHMiiJtiiinBialnaiug 6.6tf(c) sa d.&tf (d) xratatns 

c' y eu c* v 


T pw + T p f - C w + C f 


0.85 r c b w 

Apsfps + A s f y -O.S5f' c (b-b w )h f 
0-85 f' c b w 


(4.48a) 

(4.48b) 


imnBMiiMiMHfni4.45 MTinuBHiiJniinBiiJnMaHimalrniBHT89tiitnBiiMMtiHHtitiHm 

Li ot n vJ -o w u i n y v^> 

MrmtiHsmnHiBimmiJniHmnjiHMHialsianfTltmu a>h f Samanmn itfimRRHHiaiBtuB 

U i cu vJo- U cu J V Li y U 

rafigHB lUMitJmniRarflia: 

Li ] ts Li ] Li 


M n A pw f ps 


A a 

a „ 

p 2 


AJy (cl -d p )+ 0.85 f' c (b - b w )h f 


dp 


h A 


(4.49a) 


HH^RCUIBI (design moment) iSlRttfiinJttSgfi 
M u = c/M n 


(4.49b) 


tutu cf) = 0.90 M|jnuminR 
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nJHTnimmsi HniimRWfiiBls'rannlrmu IfltiiffiHgiimimmmHsmHHiatinu inrni 

e*J \J U cu | m Lru 

RnoRRHitimtstifura c n BtiRtntimniMJTJ T n mimi|ujuinjufiiHJUMfn jumbiS t p + t„ 
tslfttiras d.&ti c f tt^mHsmeiTnftnsBsitjnHSfriPi'ms 

ca v J O o- u cu 1 L»u i 

with rawsranstittrists fiTRftnanRtiiHsrriRtimfTiiiniiJtiiinBBaa b tfiMimtifruMtifi i 

cu U v ** Lru 11 cu n 

^ G H T1i3t Sf f \ fi t3 ffl J ffi QJ1 ?I1 j 1 H 8 ffl ?i Hits in f \ til H 8 ffl f \ tTI S fiTI Ut wl UJ in tlfl W71 ?1 1 H ffi H MURGR - 

U U ot i i cu cu n cu l 

imanfdHHEU a nwHmi 4.48b umuHmmamtsnniiHRHMHnjiijiR c = atp x i 


6.910.13.2. minimnijtiiitotnniigtnraflrtflmpijti|t^ f ps 

Determination of Prestressing Steel Nominal Failure Stress f ps 
imntsnnjiRfjaiina f ps rarjiSm[pni3[fnms1inmtnm^mi|pmtHU[Hmnmcju{RJm 

(strain compatibility) ?TlHJffi:tafimtUtSmiJllfitJSRit3ji39JUlRtlrt^SfnnR[Ul?iiSlinCUtnR 1 

iRtRimifiinjiirTiiiuuiB 8 |UMBra 

fpe <0.50 f pu (4.50a) 

Aps 

ACI 318 building code HBmRIHimi|UR1IR[mBl!lJtlIH1BRIHtUUTlR|TlItJltlI ftJWSra 

f pe = ~y~ ~ 0-50f pu (4.50b) 

tllHffiSl3fdHmJtll13ltJlffiigTRfdTHltj bonded 313 unbonded members. 

X) vJ l_j 

Bonded Tendons 

MHfnillJnitnBnminiWinM|jnU bonded member R 

Pp^ + ^-ioJ-oS) ] (4.51) 

tutU reinforcement index M|jnmiJnnHRlIl3rniMaRR co'= p'(f y /f' c ) 1 tUMBItJIRfififtiR 
MtiRialintllHimm /^UfimMHR1J4.51 fi [p p (f pu / f' c )+ {d / d p \m - oj')\ BS{RlRtstili3 
0.17 luim d' HBtfiftfrjlti 0.15 d p i tints 

y p =0.55 tU[SlU f py / f pu tutUHSRtstJlti 0.80 WjUTIU high-strength prestressing bar 


fps = f, 


pu 


1 - r JL 

A 
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r p =0.40 fUjJUUj fpy/fpu toHSfitstflti 0.85 M yn U stress-relieved strands 
r p =0.28 M|jnu f P ylf pu toHSfitstflti 0.90 Mynu low-relaxation strands 


Bonded Tendons 

HrmutitmntulrotiiWRHMHBtjia uiw 35 

U U o' n v -vx ^ 


f ps =f ve +10,000+ fc 

ps pe 100 p p 

( Slfi US) 

ct 

(4.52a) 

f ns ~ f pe 70 + 

ps pe mp p 

(81R SI) 

ot 


to f ps HstRfc^a f^ y (f pe + mm)psi 

y (fpe + 420)MP<7 1 


MynutiwinjnlwaiwRHMntiia 35 



fps - K , +i orn + f 0 ‘ pp 

(SIR US) 

ct 

(4.52b) 

fps- fpe + 10+ 300pp 

( SIR SI) 

ct 



to f ps HSffifthilti f py U (f pe +30,000)psi y (f pe + 2\o)MPa 1 JUS Cs.Csfi! UtTICT seating 
losses EU^HlUynfiS unbonded tendons 1 

GOrntTl fJHfflJ AASTHO MynmiMtutiHimm ultimate f ps SMnMHfTlJ 4.51 Si3 4.52 1 


6.9l8.fcl.3. mBRtUlRmMMSMISttJR 

cu * O 

Limiting Values of the Reinforcement Index 

NSMjattifi o) p tiiiaiMfrmimiiJmalRiaHsmR toHiGRtidfitiasimynH 


(Op = 


Apsfps _ fps 

bdJ r c ~ Pp 7 r c 


(4.53) 


ttiRHUjtmn 

rawsrammmtomimsiss H8fnnranaatii8Jimni3fTiigu9iijai3Ri3Tsni39i[Tinfnm 

U v i i u a ] l_i m u 

1 H CU HIS fill HtTUi IuimH8fnHal3l5fTinMliniJtitilH8mRraHl3Mg (plain section) 1 tfBIBMRTfii 

ctu 1 Cf V 1 lle 3 XJ - ' V L-m 

nafijfnfiimitiRHUjmm p min tiinrasti <y pmin cs1nt3mmciJisiH8mmBHjmrmjfrimmums§ i 
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mHiimMimuMitimrafitirtnia aaiflnuHsniiJtiigiHffimJim aci HBTRiRBtjitiHuJnjmHffii 

1 U 1 U ^ L»y 1 ) 0 

M|jnuuiSnHHia m u =(/>m u is i]bibs 


M u >\.2M cr (4.54a) 

tticu M cr EinnwHgtmJiB f r = i sfjf psi(o.623fJfMPa) i imt3mtiii3Bim*HaniaminR 

taHiBUMWijriR Bi3iiMMtifriHtmaHt3iMaariiiJi3iBUBmHH[mia1ntiMHrTii4.3i i Ubritr- 

in in -* l <=* uctU 

bonded nonprestressing reinfocement IBlRtiBHUJtmRliriH'lH ACI Code R 
A,min=0.004A (4.54b) 

ttiEU A ^itiRIUMHSfTintjlBIJltiiafTlIBlITllflimfTliriR Bi3BTtJtjBHB cgc rani gross section 1 
UJniBSTRitTJtilBRIWRti precompressed tensile zone IlJtlIMRIBllRTIMIIMIl3RlI91fn 1 

LiU vta a a cx eJ xj 

1 

iSlRtifiTHIEUSlUl flat plate HiSM IlJniRaTHil3mrniUMraRaiTR1HHiriuBRIBrTlI13tili3 

Gt l_i a 1 | u m l Li 0 

2 yjf' c psi(g. 17^ f’ c MPaj “[Rgpt^ bonded nonprestressed steel tunJ'jlnffi'lJfi 


4 = 


Nc 

0-5 fy 


(4.55a) 


ttitU f y < 60,000 psi(420MPa) 

N r =RHiagirmBini3iuRa!iJtmi[initiirititiiuRUBRitsi BauBRHitii (d+l) 

L su xj Gt 1 n v & <*< v ' 

1 1 1 

IBlni3RUBHHtiH}tiinBIUMRTintlJ8[imBlTRtiBTHMMI TRSTlltiHmmtnJUWttinBHHI 

g* 1 ) u- Li 3 Li Li Li vJ O ^t. 

?TIHSfi3SHffi0R 


A. = 0.00075/?/ 


(4.55b) 


ta A = R|jnMn|jntii8[inMin 

/ - piiafwamHgMLMtiatiiiJRiiJtiinnaRimBi 

IfitUtilBRA. IBlRiaBBaRTHltllSnJlIBlBIBlMSniJtllMRlBlBiaiTRittilUMBTHMMI 1.5 h 1 

Jet Li asuO«x Li <ii Li 

IRfRftfimtiR (bars or wire) tlhtiBtsdSRIHSMSHffiO StitflsBoTlRHStltilti 1 2m.(30cm) 1 
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fflnnmirei 


niMBIUfnniBIIlJnnirm HSfnRranaBainmitiltlimm: overreinforced ttiCU nonductile 

U i i c* a 


yield 1 imRamiilBlHSfnnnHraRainnHtiltlimm: underreinforced tilHmBi3mTHUTH[linti 

*' 1 c* 1 s w U Uij 

ibIu s. = 0.005 iJBiiJtiitnBntunuitiHmuim i 

U I v U v 

ms HTmunHlTTJfitirmti IRHBJnBHBfRtnnaninji underreinforced tJlStS 1 RHItilTU 

inUctUiU i ci ct tuU 

1 

natma p t sti p e islintuitii Btiislinniia service load puiRamHtainapitiiiJnmmiJtii 
OltflQ UJimiHUmtlimtillJnnHSntia ^ tWAiniB* KtHITJM yield strength BtiHtHITJM yield 
strain lUMItJRiranaTSnaHBTRftnBRnilRia 1 titttSS IRRimBlBHiniRaTinaiBHTmniTlTRURTHi 

Li ] Li L»u y ct Li ] Li E-J m Li Li*j 

ffimsnmfnnStlJHIQmfmtil underreinforcement U overreinforcement IBlRTlBfnnnimRIB 

<2j C? 0 'Cl 

ultimate-load design tiiniMfd'jpMSTOfltil partially prestressed beam 1 

i3iffmBiRm5mitiitiiR[m:MR (ductility), aci code nniiRRiRimraMiiJRiiJimHaiinm 
reinforcement index co p 0.36/?, BnjnTillRinBJUtiB 0.32^ telsti 0.005 1 




A _aW^) a065 

7 


(SlfiUS) 

ct 


(4.56) 


(SIR SI) 


tiBttfunuiBlna Code commentary MTHIUHSRlRllJtllHIBlmiJRiniRaTma 

V c* *' Li l Li l Li 


v p =P p f !’ S - 0.32/?| 

/ C 


(4.57a) 


MTHIUHSRlRIlJtllHIBIlJnffltn StfltiflfiJtfPitSHfn 

Li | 'O n 



P 


(4.57b) 
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CO 


pw 


d, 


(oJ w -of w ) 


< 0.36/?! 


(4.57c) 


to oj pw . co w st3 4.57a, b !mni|U9Bi3|BBi3 b w tsl 

fnmumsrjHfnrmmss i Gtirntsi k <y p . [6> p + (j/ j p )(<y-^')J stf [® ptv + (d/d p )(ry w -c/JJ 
mwBti o.85 a/d n tutu atfinHMiutinjmuntiMtinBnimimMHHtin 

p n tu • “ 


l n 


(a) iBintiHSfnntjmfnim BtiialniaHSfnntnBimTjto a < h t 

' l i cti m / 


0),, H (&»-&>’) 

P d 

Ll p 


A ps f ps d 

bd f' c d 


fy A ’s fy 

l bd f' c bd f' c ) 


Apsfps + A ./y - A ’* fy _ 0.85 f' c ab _ 0.85a 


bd p f' c bd p f' c d p 

(b) tBlniaHsmRtnBwiuto a > h f . tun c F tfiRBtotiritimuflhTjntiiBlntiimtj 

v y <=* 1 ni J ‘ eu n n icttu 


®DW J (® w ^ w ) 


( A p,/p,-Cp) d 


f 


b w d pf c 


s fy A ; -^y 

vM /’c M /’ 


c 7 


A p sfps + A s fy-* s f y -C 


b w d pf c 

compression force in web 

bwd pf'c 

0.85 f' c b w a 0.85 a 


(4.57d) 


Mp/'c j p 

MHfni 4.57a, b Sti c THltilBIlSmtlia TUMBIUnMMtiHHlaHni1BlHB13tiianMMti!lJtlI 

Uu U i n v in 

Cmnm^nrdamSHHa couple *1 HnaiBlRIRintiBHnmtsl HHTtnfalRHBffl strain compatibility 

ctnu 1 U U i U in 1 J 

analysis ISUiRRlinR overreinforced prestressed beam moment strength ClfiJHfTinuCUfnsnfTlJ 

niwinflBBitiipH 

MIjnuHSfnRBRimim 


M n =0.25 f' c bd 2 

fdTindHgfnfiHlSfiJItl 

U i iu 

M n = 0.25 f' c b w d 2 + 0.85 f' c {b - b w )h f (d - 0.5 h f ) 


(4.58a) 


(4.58b) 
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(a) overreinforced rectangular section 

M n = f' c bd 2 p ( 0 . 68 # -0.08/3f) (4.59a) 

(b) fdjUTJ overreinforced flanged section 

M n = f' c b w dp(o. 36 fa - 0.08/3 2 )+ 0.85/' c (b-b w )h f [d p -0.5 h f ) (4.59b) 


(J.®lB.t3.4. EmafnnfilinfiJi 3 fniCimTfnsmn ultimate Load talma Unbonded Tendons 

«\ Li Ct 

1 

Limit State in Flexure at Ultimate Load in Nonbonded Tendons 

Post-tensioned tendon IfciEUHS grouted UR asphalt coated ul nonbonded tendons 1 ul 


ItiiR tsItncutJSRtticutnRntSmsHHismnisItSRH mniHnnnmnaifua tendon aaranafiJtii 

dj Ct 1 

nstHmfi IStiJHsn'TimmtmRRHisRtJiQTsaTmtmS mHuumimTulitimtiHniiuM tendon no 

e»l-o ] m vUU«i> n U u Li 

martfita a i^mtmiwiHinijmHHiaiBiTHtinuaiiJtiiinBHHian mimaiafaiaRiaTmamiTiraM 

1 Li ct l_i Lj u vJ 1 Li -v* 

ten HatnaruHtu^iaiTRiamatiMiHinisiB infirnitnaiuaiBiaiM RiHtmunm tendon iiJujihuj 

U v n U EU ct Li Liu ~t> 61 

1 

uJimiwlr 1 tjicustatu mimaifffa strain aanarsnaiainarmui nonbonded RQtiimsimamnji 

C 3 VJ | U ct y ct 

bonded tendon tiBHBRUBIRBt9TWtllfititlj ultimate 1 tiBIBS BBBW'ltnTTJ*RBtjlti IRHISSITIR 

u^nvJu v w <=t U 


tllR IRRHlSlSlRti nonbonded prestressing 1 Rll^RltiftmijTlffitSlRtt prestressed tendons I]TT1H 

1 1 

mn ultimate load RnRmSRiHRt^mfURapa^^i^f 1 fpe 1 

l3lffaiBltsll|n)aufl!lJtlIH1BfTinBrni (serviceability perfomace) tU IRRnjTJfTlRJHJUjR 
RHRiMHJHT 1 !iJRBHmraurat3imHini«iJnnRRrirTiinR smRmRtistmufjfi luimBturami 

^t. eJ ^t. Li Li ct Li L1L1 V V 

IRBl9TtiianMMl3HHia M„ lUMHSmn 1 flltiBimTHUTHtlintilBtnBtiia yield strain JTJWfl 

vJ 1 v n 1 u Lj Ljw lJ j 

t£3imfmJRmt5TSi3TSimrafjfliSlTRl3RtJS post elastic TRJlRTRfEnStiRUlBTStiTSltlltSliRTnEjR 
ifURi3|jfU3 1 tiBIB* Ria|miaiBlRiailJnBHmiRiaiRBtilti yield strength lUMflltfTlHHin ultimate 
load 1 ms d.tio UmmnrmRSE3nTR1HSSlRSSt3Jfll3Rl3TR1t3 BauiTHUTHtliniaiBtUMTinU 
270k 7-wire 1/2 in. prestressing strand RilUlRtiriiS tJ.Ef® U^mnfijl|fnHtBRa|iniaiUM!lJR 


l|URt3ynt3 SRitlRRHRItjIHffiSia seating losses 1 
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Figure 4.50 Typical stress-strain relationship of 7-wire 270-K prestressing 
strand. 


IIMMtifSHmMTHIU bonded beam tftjfilMTtrm nonbonded beam 1 Qtlflltsl tntUSSXSitnnJtmCUl 

in ^ U v ct U ru 

SltmtH grout the post-tensioned tendon, 1 

Eimuimfi iSlRi3TtinSRTH1CU8[inniSfiJ U shallow-box element tafiTmWIUHtilWia 1 titSETl 
m^JnmjamnmmsrdHicrarj grouting msmnjntitiJHis tendon tfps i 



Figure 4.51 Stress-strain diagrams for reinforcement, (a) Nonprestressed steel, 
(b) Prestressed steel (100,000 psi = 689.5 MPa). 




IT. Chiu iv 





NPIC 


6.9m. Preliminary Ultimate-Load Design 

niMBiumiRimmfiuatsiuiSHiaiiritiiia ultimate load HHiaHimBiuJtiJTRjRiJ =<t>M n 

U v e~i v Liy w 1 n 

maiimsninMnTHJiMBaHHtiiHHnii m u *\ RHMwinniTafiuaTHJlnnDnwtiniinlultiiaiwRHM 

Liy yy\> y 1 U n E»J v Liy lJ o' n 

MHJHT tuim9gl3tmU&ll3IWraMH8R1RTRJtnBRniimBlmHTtIinBITR^l3Ufl tiBtjllfiBtUBfiinjM 

eJ eu i Liy UUiJinyynLi 

flM double-T-section U hollow-box shallow section fJTH'IURTHIElJHR'IJ tlGOnRititUS luitBIR 

-v* Li Li "vx n 

GtUtSR I- section NtmUITRfatriSMlB 1 

V n U U U pi n 

i 

RHMHBTHIUMBHiniRl3THil3Rni!uitlI 75% tBRHMIUMBHIURairmHIlJtllTgUBRIMRl 

n U ot Li l Li Li n ctj Li d* vta 

IRIWRIIIliifimBfiltijaiBjRMtHIURiniSMnMfinaRItURHM 0.6/«(l5mm)rJ|Himtht3 


i/t(300mm) i isiinwiiJniiRiBRinTSMnMRHMtmRtmaiBiuim iRHiBBiuiSHRiiiiRniRnii: 

J \ / c? U n eJ u r> 8 

BI[mm|RIUMH8RlR *1 

MSRtri sm^sHsmrj^RnunarmtiSmslTmuitiJ 0.85/ A nmRRnjnwRHMrawwitn 

^t. Li ] t/ Li i Li *n. Li nn cu 

couple R id = O.SOh 1 tJcm fJSRtsl nominal strength lUMltiRITTJRti 

ct y ± ./ y ct Li 1 

tjntiR f ps = 0.90 f pu i RjimfRapitiiuM A ps juwftiRituRiattntiR 

M„ld) 


u 


A/w 0.90 f pu (O.SOh) 

A - M » 

0-72 f pu h 


(4.60a) 

(4.60b) 


TRWSraRHfjtJRfiJtiR a IMBtiRTH'lMW'lU h, H18IUWURWtifitBJTJ9 6.66(d) ttfimiTTJRtaTRSTl 

U n cu n U cu J eu n y U w U vJ 

ba = A' c R 


C = 0.85/’ c A' c 
T = 0.90 f pu A ps 


M u 
0.8 h 


nMHRIiCUStiraMRHlR C = 7 1 tiBIB8TR9mtiraMimnMtiRR 

cu y u w .si cu n 


^i ^ n M n 

c ~ 0.85 f c (0.8 h) ~ 0.68 f c h 


(4.61) 


iBlinwiiJniiRiTSMfiMBBawiuMTinuRiiMiRtmafiua tuimiRwitijfiHWBH irhiritSm 

U cu U eJ y m n c t Li 

MMRTH1MT9Bi3?titliniIItt5RTHfRlIRB1i3Rimi3tlJ3tJtlftirim3lR43finR ti'l RSTOHR lultHRlJfiTIR 

U U i Liy cu U c* y & 
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cujti stiiRRraf inintiiSmniSMnMHSfnHStiiMTHiutliRSimHTHffnimmm sialfnpmstEuma 

e-J Liu o U i h Lj 3 a Liu n i 

rmarjTHiutURgtuiusRmrru i 

U U a a & 


6.96. Summary Step-By-Step Procedure for Limit-State-At- 
Failure Design of the Prestressed Members 


1. iffjfdUfd partial prestressing RRHR itllffimn|pfnRJffi|yMSfnnmrjtt3RRH?n 1 IftjfiJ 
fjMRHfjfiJIRCUTll 1/20 iJR75% ISRHfd 

nw UUnc?>A n 

itInjTRimjMTHiuHgmRraRilfrinHnfTiffilncuRansinMfijatiHmitIcuTRJmj 

Liu U l l U 1 n Liu 

M n =M u /</> 1 


2 . nSMfjmRTHifjmtjrmRW|l3tiliffiimffiTRgmt3ra?il3rijramrjrijiiJ 

Li Lieu Vi u M d | | cu 

A' c = M n /0.68 f' c h t£3njojjnwmn|prjfjMssl3mmi3njR|H!^iffifrinjjiJQ stiRtiriR 
rarjgHi A ps = M n /o.i2f pu h i 

3. f ps islinnjtnRMiHitifTijriJiRcujlifeiai {tiMsra 
f pe < 0.5 f pu tS1iiR‘[R!fnJ strain compatibility analysis 1 RllJlRltUR tondon tJl 
bonded U unbonded 1 i [il R i H 1 fU R 13 jjfl R jjj c 0 9 R1 fl f pe £1 service-load analysis 
{iimsra mtnsifRiJRtinsiJRnliEin ftiwsra f pe > 0.5 f pu i|pRtH|tJuriR|iituin3ai3 
Sim^RIH 


(a) Bonded tendons 


fps = f, 


pu 


A 


Pi 


L 

f'c 


pu 




\ 


J 


(b) Nonbonded tendons, tinnBjUlWiaitijRHM < 35 


f ps = f P e + 10 , 000 - 


f'c 

100 p t 


fps - fpe +70 + 


f'c 

100 pr 


(SIR US) 

ct 

( SIR SI) 


(c) Nonbonded tendons, titmnjufwtilWRHM > 35 
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(SIR US) 

ct 


(SIR SI) 


Qtufnti f ps itiEmmtmtfiffi aashto SMnMBfrusimw ttPtii|R!tnst[uisits1^nRS 
9l£n 

4. ntuiRtai tBtfifijntnjEirnH3fri?itjnrit3i3fitfriEiri tJH8mRHisfirim£3iffiR[uiFis?ni3rafj 

w 1 i -ci i tu 

HRjriJlfi c-aip x *\ 

|tiSsmH8fnfiQmmnji 


ttitu A pw f ps = A p J ps + AJ y - 0.85 f' c (b - b w )h f 

5. ftiwsra h f rst3 a IfntiHasitilHSfTinismfTinnttitiJinatiJmgitii (singly 

reinforced) UIuREjU (double reinforced) 1 

6. RtldRMSfdjSitifi (reinforcement index) co p . a SiW MJinURinji a < h f ( HR] Eld R 

MsnaiRtiwin tfBiBMTtJHSfrifiBfiifnim) 

C* £U V Li 1 1 

(a) HBmRBmmniiiiJniinBimiJmtuRatma 


(b) H8fnHBRIfTl[milJtlIH1BIlJnMi3Rn!BHmt3llJngi[TlBHSTl 

v i i n ^ 


Apsf PS A S fy A s fy 

0.85 f' c b 
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TUMBraMBMIBMraialna (a) H (b) Rtstfltf mft!S}30.36/?, iSISUWfdflHHtfR 

U & \J i K ' ' v ~^x ' 1 i n v 



7. REU1 RfilShI] St uR (reinforcement index) co pw , co w Sfl of w fd]H"IURJ[in a > hj (HR] 
njinfimBliTRitinu) tainBWBWiBuJRWiTJ 

U su oi O i 


A pw fps = Apsfps + A sf y - 0.85 f'c (b - b w )h f 

njWBItJMBWlBUjRMJU w T >0.366 , . H 8 RIRtil overreinforced I1flmiIWMi313HfTl 

u & i i /i] i n 


8. TRRnSRnRRRTHlRHHtimJHI A. > 0.004A 1 

Lnj eJ e-J j 

tftsRI TRRnSRTtTltR M u > \.2M .... HHR l3l!T131B1BfmnraUTmBIBRinTtf!lJRt3Hm 

V ct Lju eJ M C / -va eJtjLiLj U '*> 

tiintfJfJtSiRR nonbonded tendon 1 

ofc 

9. SRRCUTRJUcdttjRSiniRHRl (nonprestressed tension reinforcement) 
SRiuRfdRR (compression reinforcement) M]mURtSti^ttJnJ]fifRllfl 1 

10. ttijtttilRtfl HHRREU1S1 (design moment) M u = </>M n RfrlA UIMBtiHHtilHHUil 
(factored moment) M„ 1 TtlMBIUHBlJltnsiB iRTRliRRTHlRIJRtUlSIiSTRlni 1 

x 'Mu y ct Ljv Ljtj vJ -o 

ms tJ. tub mnmn flowchart MTHiuMnMiRHlnRnnaiii^mnnTBnBHTfiiniiiRifJfTiR 

v in U i eJ w 

nominal flexural strength mfdH8R1Ri]flRR]R1r3H1SMltJ SRHBRlRQRiiRltirnwltfmJR d p til 



p 


mRnflsirdsrdjmRRi;RimcmnmssRrarj]ssR b w i 
JUMBttJ MSfdjSitfRfiJra co T < 0.36^ ISIS 



(nominal strength) R 
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RHM cgs Jtlfj tendon HffiTfdSTO 1 JUS tJ.fim Utiimn flowchart rdTHIulfTIfi nominal 
flexural strength strain compatability analysis ttjCUHISRHfj strain 

ifGSjtdSIU d p i JUintJW d pn 1 Flowchart fully 

prestressed beam ItJWHBtnBITUUjRBHITl BtiHBtnBRtiTflitimrniBlRtiraRti Itlim flowchart 

A U vb ] l_l "O Ct 1 

mflnnssn THJtnBHBrmRimmiTtJWTH'm partially prestressed beams taRtiTflitimrTiRnjin 

L»u im U U A •' A lU-o 

THftnBHBrmmHimiRHinBiBlnaraHaiiJiHiJtiifTinraliJnnHfn i RHlSfinTtMuJwnnniij 

Vju ] no <=* i y U wfc vt | tl 

flowchart mtinilBS d /; iScgs tendon profile 1 

(s.9lr. Ultimate Strength Design of Prestressed Simply Supported 
Beam by Strain Compatibility 

gmtmnfilZ.#: MRpHnilBl bonded beam islnflgmumin (J.b ttfira ultimate-load theory ttflffl 
t|plSni3HmtBHj[SQt[Uin8SmrjusmHRnfl 1 tfU strain compatibility uhjjRIIJin f ps itiEUHS 
fnmRHTHJTHJtnBuuuniainaiug itiHmsflntfritiJgthirdHirdmmiS^ciJHisnTHirj 

Uu L»y Lfl -o c* U u U a U 

3 in. ( 16mm ) Sid 

f pu = 270,000 psi( 1 MUM Pa ) 

fpy = 0.85 f pu Mpnti stress-relieved strands 

f y = 60,000 psi(4 1 AM Pa) 

f' c = 5,000 psi(3A.5MPa) TORfiSHSCHRI 

tXfi 7-wire l/2m.dia tendon 1 IlJni3HmtHJtnBflimibmHlBRt]mMraHl3fTlI[Tll!lJR (clear cover) 
1.5m.(38mm) ItlimiRHBRRUmnillJRMlaniB 1 IWWmBMRHBRHSTni BtiJCTimfitg 1 

\ / is- n U w- 
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Figure 4.52 Flowchart tor flexural analysis of rectangular and flanged prestressed sec- 
tions based on cgs profile depth. 


mmn/isjfsmmammmimaffnmtimmf 2 1 7 
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Figure 4.53 Flowchart for flexural analysis of rectangular and flanged pre- 
stressed sections using compatibility analysis for individual layers of strands and 
bars. 
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Figure 4.54 Midspan section of the beam in Example 4.9. 

foams lemm: n g m urnifi 6. to 

UBfiinmi W L = l,100plf(l6.1kN / m) 

UBmSmi W SD = 100 plf (l A6kN / m) 

i 

USRfiJSri W D = 393 plf(5.14kN / m) 
ttytigH = 65/t(l9.8m) 

1. HHtiltHtilUl (tjUnB99) 

V 1 

W u =1.2(W d +W sd )+1.6W l 

- 1 .2(100 + 393) + 1 .6(1,100) = 2352p/f(34.4JtN / m) 

H H i3 1 H fn rtn T ?i f tfl S t HI tff t wl tff 

V 1 L»u 

M u = = 2 * ’ 352 ^ 5 ) 12 = 14,905,800m - ZZ>(l684&V.m) 

UfJftli3HHi3i3HSri[RfrriJ (requirement nominal moment strength) 

M = — H905.800 = 16,562,000m. - lb(l81lkN.m) 

n <j> 0.9 V ’ 

2 . titm&jtjsfnfifimi (tSunsglo) 

Li l u 


mmanmfsmmamnttminftafffitiwmmf 2 1 9 
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uJimMBHfiHMnHuJimimtn i/20tBiniia 

s^ti n ct Li e» 

65x12 


imi3HlGH1SRHfiJH3R1RfiTlRClJtt3 h = 

n i eJ 


20 


= 39 in. EUR 40/77.(l 02cm) 


UBIUHRWBRUJRBHRI 4#6 = 4x0.44 = 1 


. 76/77. 2 (l 1 Acnr'j 


HfilHRlJ 4.61 


A' c = - M " 


16 ' 562 ' 000 = 121.8m. 2 


(786cm 9 ) 


0.68 f' c h 0.68x5,000x40 
MBH99titmUIMBa 18 in. 

vt 6\J vt 

RtjnMMlUHnjH = 121.8/18 = 7.0 /t?.(178 mm) 

titsiSS 8UHlR|Hlfj|SSi3 b w =6in.(\52mm) ^Hj^jt3^1RR|HjRinJMMi3RH1l3RlR 
nfiJHRlI 4.60b 


M„ _ 16,562,000 

ps ~ 0.12f pu h ~ 0.72x270,000x40 


= 2.1 3777. 


! (l3.3c777 2 ) 


QSS 1/2/77. stress-relieved wire strands = 2.13/0.153 = 13.9 

w 

tiBIBSMlRUJTti 1/2/77. tendon USS 13 

71 W U 

A ps = 13x0.153 = 1 .99in 2 (l 2. Scm 2 ) 

3. finjimffijpti f ps tBlfiiJ tendon strain- 

compatibility approach (tjUTlB9 CTD 

WRimrninjiinTRiuMHSfTiHHiBmHimiBaginMBHiJBtiiRHM h siassurmu b i 

a U 1 suw ^ v n cu 

flBIB8ITU9BBraSll3ITRlH 

V Li ot Li 

A c = 377m. 2 
c t = 21.16/77. 

d p = 15 + c f =15 + 21.16 = 36.16/77. 


r 2 = 187.5m. 2 

e = 15/77. 


islRtuiicmcuti 


e 2 = 225/77. 2 

e 2 1 r 2 = 225/187.5 = 1.20 

E c = 57,000^/5,000 = 4.03 • 10 6 psi(n.8 ■ 10 3 MPa) 

E ps = 2S10 6 psi(l93 A0 3 MPa) 
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UITHUTHtlinai13tUMl3HHBtTTlHHHUIin s r tffitCltUtnR =0.003 

U Utj J n 1 m C 

f pe = 1 55,000 psi{\f)69MPa) 


(a) 


£ l - e pe - 


fpe 155,000 


J ps 


28- 10 s 


= 0.0055 


P. = 13 x 0.153x155,000 = 308, 295/Z? 


ni njiBulTHUTHninaintmiJRITURaTmaRiJtiranaTHftnB decompressed 

U Liu U U 1 Li V 1 Lru A 

uJimmimsiffrauBnaiaiTRi creturas tJ.m ai3MHmi4.3o TstftnBwitmtfim 

vJ <ii U jj Lru 


£ 2 £ decomp 


A C E C 


\ e ^ 
v ' y 


308,295 


(1 + 1.20) = 0.0004 

377x4.03-10° 

(b) NBHTiifjtitinti f ps s205,000/?«tiimitmn[iijaiwngHtm guHiHRjanmsImi 

rmmStUHISRTHirj hf =3 + 4.5 + 3.5/2 = 9.25 in. 1 atitBgfifilHmi 4.41a 

Ell U J V 

_ Apsfps + AJy _ 1.99x205,000 + 1.76x60,000 
0.85 f\b " 0.85x5,000x18 

= 6.1\in.(l7cm)< hj- =9.25 in. 

fistas uRMaHMHHtiiMmBlnaMiu itriffiHgmRTRltnsntrijnin^HgfTifiijRtmcui 

V etj n v ^ nj 1 Lru 1 1 

flBIBgHtB’lUIUHti 5,000 psi 

fii =0.85-0.05 = 0.8 

c — —— = — — — = 8.39/n.(22.7cm) 
fii 0.80 v 7 

d = 40 - (l .5 + 0.5 in. for stirrup + ^ in. for bar) = 37.6in. 
mimBIB strain ftiUJTJnJTlUJri overload lUlHtinj ultimate nfdHRII 4.37c R 


£ 3 - e c 


d-c 

\ c ) 


= 0.003 


37.6-8.39 

8.39 


= 0.0104 » 0.005 O.K. 




£ ps - £ \ + £ 2 + £ 3 


= 0.0055 + 0.004 + 0.0104 = 0.0163 

n stress-strain diagram ISlRtijUS 6.&I0 tmtitna f ps itfCUfRlSti s ps =0.0163 
R 230,000 psi 1 

imnojfinmnSnfaJiffimw f ps 


mmnmfsmdBtidmtjmimtiimmtimmti 22 1 
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fiJBR 


f ps = 229,000 psi 


a = 


1.99x229,000 + 1.76x60,000 
0.85x5,000x18 


= 7.34m. nt?miinH8fnntiini3Bmm[m 


7 34 

c = — — — = 9.17/7?. 


0.80 
s-k = 0.003 


37.6-9.17 

9.17 


= 0.0093 


UltHUfHWnaiBjUMIUR s ps = 0.0055 + 0.0004 + 0.0093 = 0.0152 
njus tJ.fiO f ps = 229,000 psi (l , 579 MPa ) IfU 
A s = 4#6 = 1.76m. 2 

4. tinig 90) 

l n v 

nfJHfnj 4.43c raMBiuHmimflMfitBlnatinu 

U O ct EU 


M =1.99x229,000 36.16- 


7.34 


-1.76x60,000 37.6- 


7.34 


= 14,806,017 + 3,583,008 = 18,389,025m. -lb{2,018kN.m) 

>M n totgimi =16,562 ,oooi/i. -Z fe o.k. 
mimnuBBiTRgriitifiJRnHininBiSiinmHSfnHrTiBinHiBTUMgfTin uJimtmniM 

c> i Lie» 1 

MtiifltiiiriBinBBtiiawMMtiHHtiTHfminiiuini 11 % ^ 

n i n v L»u U 

5. tRfinaRjtUfmujmin atittiRHRtntn (^tmage) atigd) 

(a) As min = 0.004 A 

ttitu A ^TngriltilBltiRIUMH8mmiJtlIMmBiBIB1*H8fnHIi3fTligi[Tl SiJ cgc 1 

U vJ * ot 1 t\ fill 

nnsfrimsras d.ti 

i w 

1 .375 ^ 


r 


A = 377 -18 


4.125- 


V 


-6(21.16-5.5)= 201m. 2 


= 0.004x201 = 0.80m.- <1.76 UJUJIJTJ O.K. 


(b) MBMJBUjRHRUIHIUJtlltnBnMHRlI 4.57b R 


co 


d 


p d 


— — (co - co') < 0.36/?! < 0.29 ftJftJlU /?, = 0.80 


ItRmMBMIBftiRNimfimMtiR 

O i n 


CO^ — 


1.99x229,000 37.6 


18x36.16x5,000 36.16 


1.76x60,000 

18x37.6x5,000 
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= 0.14 + 0.03 = 0.17 <0.29 O.K. 

6. tfSMUMBSRIRMpnU ultimate load (tjlfnS999) 

ntjunss9 tituse*! lamiHimm. HsmmalntiEimuiinfiii.ls tiiHmaaHsmnimra 

1 c* U 1 Lj 

liJtmiuuniaiRaiua mBHMMiaHHtjBHRi M-uJnjjnBTguBRnjfiim rawsram 

in -o c* u ] n v ri UdjiU 

ITTJUJfiBHRl #6 QSS 4 ISlt^JtffnJSimtfl partially prestressed section 1 

Li u <in -vj r •'A 

tftnss !Rinti99tiimRH8fnHia*fninH uJimftmfiRninmainrHffni service- 

V W 1 "O U Uu 

load flexural stress gtatalRiminjitija smsIrmisTH i QciJintii H8RiRHiBm§RiflnMMtSBHRi 

no Li Li i n i n ** 

RTHfmj m„ =16,562,000 in. -ib iiftmmraiaHliJnBHfniaIttiiiarnigiiTliBHTgugtiilliRSsla 

Liu it o. 's* d* -njEaJ ctni 

lIMHtiHHijTRfRUMIU 1 GCLTnttl H8RimB8TRUTR1BMTH1UIUfiti f'=5,000psi mtUlRtiHS 
m?itSlnt3gmtn?ELn^.l£] lUfititnBnWHlj f' c = 6,000 psi iBlJminmntiia allowable service- 
load concrete stresses 1 Utit38 RlIRimBllTRlHHiri ultimate load RHiatURimrtntnBRtiRlIRimai 

u Li 8 c* 

lURtiiraRtiTRitiiBtffBiB'iTsi HtiRinBTgTfimjBRiHHim aatiiitiRmaHtiiiaRiiRimBiMiu i 

1 Li ] Li e-J n U U 1 cx y \ 


6.9e). Strength Design of Bonded Prestressed Beam Using 
Approximate Procedure 

Qffnmnfi (S.90: WRJlHnOSlfmalmigmUimfi &£ til partially prestressed beam lultmjti ACI 
approxiamate procedure pMBraiRHBmRI 7|UH8R1RMtilftdlJnn|SialRl3891UlI[m 6.l£) til 
HEU (a) bonded prestressed streel Si3 (b) nonbonded prestressed steel 1 HSRRntTIJnJTlfflJHEUJH 
JUMUjRHtifiBHRn 

n ^ 

Siamtjtmaj: 

1. tURlUUHSfTIR (tjUTlS9 Si3lQ) 

o i 

99l3imU81l3IWIUMH8RlRialRl3891lJlI[m ts.b R 6 = 18m. luimRTHlMHBTHIUMfl 

£U 1 C* Ll u 

ttJtutnsnras 6. till 

V 

hf = 4.5 + = 6.25 in. 

} 2 

fiimtUIl3tt3RSiniGH?n #6(dia.l 2.7mm) QSS 4 UIBHMuJRITTJRtiTRIln 

e-J -ov't.V / u <n. Li i Li 

2. f ps 73lRatt3mtpRl3tfnmtfnHnMM^t5HRl (nominal strength) (tjUnsgCTl) 

nggiumm &£ 




7’. Chluiy\ 



Hm1sjicumM[uiaw!cij 


NPIC 


f pe = 155, 000 psi 

0.5 f pu = 0.5 x 270,000 = 135,000 psi 
f P e>0-5f P u 

ytnSi imaintiltu ACI approximate procedure iuHjrltinn f ps 1 


(A) Bonded case 

rnMarainHBimwgmaHmrijiH fiuaiRTnflfnnfitiiHSfnHBHfTumMB i nMHfru 4.51 

U n O V Liu 11 


fps fpu 

fpy _ 229,500 


r P 


1-441 

A 


P 


fpu d 


P r . 


/ 


c dp 


f, 


pu 


270,000 


= 0.85 


— (co-co') 
ip 

*IP 


jy 

Yn = 0.40 


A ps =13x0.153 = 1.99m.- 


A =4x0.44 = 1.76m.- 


Pr, 


P s 


1.99 


bd p 18x36.16 


= 0.0032 


A f y 

G> = — X- 


1.76 60,000 

-x 


bd f' c 18x37.6 5,000 

fd{H1U oj'= 0, 

0.40 


-0.00132 


f ps = 270,000 


1 — 


0.80 


0.0032 x 27Q ’ QQ(> + iZj_( 0 .oi32) 
5,000 36.16 v ' 


a = 


= 270,000 x 0.897 = 242,190 psi{l,610MPa) 
1.99x242,190 + 1.76x60,000 


0.85x5,000x18 


= 7.68 in. > hj- = 6.25 in. 


ti&iBs HmrifiRMmBlsiaiTrTltinu wiminTKflmRfitfiHSfnninBM'iu c hrij T) i ttfim 

V O <n. U cu Lru i eu O 

itugatatpati K 1 


Pv = 


ps 


1.99 


p b w d p 6x36.16 


= 0.0092 


A f y 

s -x- 7 


>' 76 -x^ = 0.0936 


b w d f' c 6x37.6 5,000 


f ps = 270,000 


1- 


0.40 


■^ x mgga + jM( ) 

5,000 36.16 v ’ 


0.80 

= 1 89,793 psi(l,309MPa) 

A pwfps = A psfps + A sfy -°- 85 f'c (‘ b ~ b w) h f 
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a = 


- 1 .99 x 1 89,793 + 1 .76 x 60,000 - 0.85 x 5,000(l 8 - 6)x 6.25 
-105,600 -3 18, 75( 

= 6.45m.(l 6.4cm) 


= 377,688 + 105,600 - 3 18,750 = 164,538/Z? 
164,538 


0.85x5,000x6 

3. UMMiiHHtamttirojntiins (tkmsgS tinigtf) 


M n = A pwfps \ d p - + A sfy ( d ~dp)+ 0.85 f' c {b - b w )h J 


f V 

d„ — — 

p 2 
V z 7 


= 164,538 36.16- 


6.45 


-1.76(60,000X37.6-36.16) 


0.85(5,000X18 - 6)x 6.25 


f 


36.16- 


6.25 


v 


= 16,071,226m. -Zfe(l, 81 6kN.m) 


7 


<M n l£3nJ|RlfTlJ = 16,562,000m. 87 lkN.m) 
usmirmnniia BalnnrHiHmigtmiftmiraiiJnnHmireBtiiaHB 1 wmnira 

Cl E*J Li^ i) lJ Li •«'* Li 1 E*J 

#8(dia.25mm) GSS 4 , A s = 3. 16m. 2 (25cm 2 ) 1 IffititflS 

3.16 60,000 n ._ 

co w = x = 0.17 

w 6x37.6 5,000 

itfimwim f ps = 179,068 psi atj A pw f ps = 227,195/^(1010^) . atstss 

a = 227,195 = 8.9m.(22.6cm) 

8.9^ 


0.85x5,000x6 

f 


M = 227,195 


36. 16 — — — 
v 2 


3.16(60,000)(37.6-36.16) 


- 0.85(5, 000)(l8-6)x 6.25 36.16- 


6.25^ 


= 1 8,007,283m. -lb(2035kN.m)> M n =16,562,000 in. -lb O.K. 

E3t5tS8 ITUUjfiDHSn 4#8 lBlMIIM81i3ITmH ItlimggnimnmiHnilBlMTHIURIim bonded *1 

II Lj wfc Li u Li 

(b) Nonbonded Case 

titmnjuiwtiinjfiHM = 65x12 = 19.5 < 35 
J ' 40 


titstSS nfdHfni 4.52a 

V 

fps=fpe+ 10,000 


f'c 


100 Pp 
= 170,451 psi{\,\15MPa) 


= 155,000 + 10,000- 


5,000 


100x1.99/(6x36.16) 
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Qttfntft b w = 6m. M|jnu p p it^mwinnBaitiimtsiHSfnmgfTiitiitiinim: 

BSfrmmsfirra (i^mtmiHmimnMnia1&iaiTfTiHtmn) i cStstss 

1 cu O <n. Urn u 


f ps = 170,45 l/w/(l,175MPa) 

i. t^amtufantif m 

tmntmtiftintiHsn 4#8 tBmsugtiiltinsgrarjHHmHEitin: 

e-J ^t. e-J ct oj u | 

A, =4x0.79 = 3.16m. 2 (l9.8cm 2 ) 

A pw f ps = 1 .99 x 170,45 1 + 3.16 x 60,000 - 0.85 x 5,000(l 8 - 6)6.25 


= 210,047/Z? 


a = 




pwJ ps 


210,047 


0.85 f' c b w 0.85x5,000x6 

2 . UMMiaHHiatatumBtns (tkmsgd titugtf) 

i n v 

nfJBmj 4.48, 


= 8.24m.(20.9cm) 


M n IHCUHltsHlS =210,047 36.16 — 


8.24 


-3.16x60,000(37.6-36.16) 


- 0.85 x 5,000(1 8 -6)x 6.25 


f 


36.16- 


6.25 


v 


= 17,537,057z«. -lb{l98lkN.m) 

<M n UJtlJfHfmi = 16,562,000m . -lb O.K. 


(c) |RSinSfiJfmRlUlPimMtt3f1 
1. ttifiHUjmHI 


riMHmi4.25 HHm|pg M cr 

M cr = fr$b + P e 


f r 2A 
el — 


V 


c b 


nqgiuimri tJ.b. f r = 7 . 575,000 = 530.3 psi{3 : 1 MPa) 1 s b = 3 , 750 m. 3 . 


e = 15m. , r 2 /c b =187.5/18.84 = 9.95 in. Si3 P e = 308,255»(l,371&V) lffii3S9tUtnS 


M cr = 530.3 x 3,750 + 308,255(15 + 9.95) 


= 9,680,585m. - lb(\,090kN.m) 

1.2 M„ = 1 .2 x 9,680,585 = 1 1,616,702m. - lb(\,3\3kN .m) 
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M u = (f>M n =0.90x18,026,667 

= 16,224,000in. - lb{l,S33kN.m) 
amjrntu nrjHfnj 4.54a 


M u >1.2 M cr 

tiaiSi HTHimillJRHUTUimTRftnBtiirirnMTinnRinJi bonded Si3 nonbonded 1 

V Liu W Liu "vj Li 


2. MS&ySttiRHamfimkntn (maximum allowable reinforcement index) 

Max. Allow. o) p = 0.36/?! =0.36x0.80 = 0.288 


( uifHUfHwnainjHHujmtn e t = 0.005 {jnlmsa 0.32#) 


co p tiimraa =p p (f ps //’,)= 0.0032 

co tiltilfdi3 =/?(/ //' ) = — — x 
n yy c> 18x37.6 


170,451 
5,000 
60,000 _ 
5,000 ” 


= 0.109 
0.0702 


tiaiSS co n +co = 0.109 + 0.0702 = 0.1 862 <0.288 O.K. 

v p 

tiatss BBtumRRiiHimmiiJtiiiTUHSRimuRaiaiRtiEimumm d.to itinmtiinmsmtin 

V U Li 1 1 Ct 

GH?fl 4#8 IBlftiRJtiR'lJBim 1 aorflttl non-bonded section ItJnJHIBTRBTlltiltiRBHflltJBmtnB 

vt> ct M U U Vt y ct 

lIMMtiHHtatjlti bonded section itiWtiBR'imiilBR 1 

1 «n V V V 1 

tUMBIU i:m|p/' c = 6,000 psi MpiURlIRimBliaiRagBlUlinjilB* IRBtitStfR'UUjRBHtTl 

Batina “i 
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mtuns 

4.1. MRJlRlUlSIgHHRjl I ItiRtitmtitjlHB MtHIURJimUBRtBRIJ (service load) SiaUSHPiClJISI 
(ultimate load) uSHJtBTJBRITjI 750/?Z/(l0.95JUV/m) BtiTJBRHITjnBRU 1, 500 plf(l \.90kN Im) 
IBlinJltUtigTHMlHCTinilia 50ft(l5.2m) 1 MBHSltlimin:H8fnHR b = 0.5h, hf =0.2/7 sa 
b w =0.40b 1£Jltm|USSStU8im]TnH: 

f pu = 21 0,000 psi{l,S62MPa) 

E ps =28.5 xl0 6 /»«(l96x 10 3 MPa) 

f' c = 5,000 psi(34.5MPa) ranaBHB|jmtii 

f' ci = 3,500 psi(24. IMPa) 

f t =12jf\ UJimMBHfTiniJlUHaH1BI|m*glR 

RIRBaWHH(II^miHnmtlimt3IlJRnnB anchorage) BaRI|HjnRini|URa|mi3M|jnn (a) R«m 
fnm{pnl3ynt3(fia Sl3 (b) MJinu harped tendon lSl[Rl3Q[lJlQHmmRUlCUt3tilHmSt3Q[iniRBR 
Gtifdsn MBRRUTIRUtiiniRaTHiaMIU 22% 1 

1 V U ^ U i U i 

4.2. UtaflmmBinniB 4.1 |UMBmgHIi3I|TIRl3|!natilHB tuira tendon HlStURtin: draped 1 fjTJ 
Ut(HU|HCUnl3mjtJ|RJm (strain conpatibility) %u HJ R tin R fii H n R |R1 R i U id rD U f ps tsl nominal 
strength 1 R [HI SI erJ it fdi u Ri Si R U S anchorage tultlJ strut -and -tie method 1 

4.3. nHfiutmTURarHiaHRiiT so TRftnsuRirmslRRras p.4.3 1 fitnBTuiitita 14 ft 
(22.6/77) BaiBtlBRHItSl BtiUBRItSl 60 psf ( 2,873Pa; W SD = 25 psf ) 1 flR|BR|jn[mURaiti 
81 tJIWR|jntlI 2wi.(5.1c/n)tia!lJl 1 MRflR[lilBl!lJRI|TIRl 3 |ina SRQ[hnR§RfiJH{fiJIJ UJimi|U 
270-grade prestressing strands (f pu =l,862M/ > a)^HmBi3RUTlRntil|URa|ini3MIU 20% 1 ijTf 

mRimfiJRn^StJMHiMUMijnuRunRntomigRiBlimBmriRimRtaRiitnR i itJitiifdSRtri 
strand Tfiftna harped IBlRIUTlUJIUJia BIRIWHRClRlIflimiJRlflimiHUmtlIBii3 strand RRRiJS 
anchorage 1 tiBRI BIRIRlrfnaiBRRl3TH1t3MTinnfi[lJnRRltlIiaRimiRUBRltili39 1 IRIHItU 

V C* V V 1 U U djO 

BBBRmBmaiTRIH: 

ct V u 

f pu = 210,000 psi stress -relieved strands (l,862MPrz) 

E ps =28xl0 6 psi(l93xl0 3 MPa) 

f\ = 5,000 psi(34.5MPa) TORRSHSRHR1 


228 


Flexural Design of Prestressed Concrete elements 


jQjimstftfinwmsmsejfftfiji 


Department of Civil Engineering 


f\ MIjnURtjnniltilW = 3,000psi(20.1MPa) rafJt3SHSGHfn 
f' ci = 4,000 psi 
VIS = 1.79m. 



Figure P4.3 Doub!e-T cross section. 



^cugisR|Hitut^8imw 

lE3tdHlSn[HltU^8imS 

4 

567 in. 2 (3,658cm 2 ) 

- 

h 

55,464 in. 4 

71,886m. 4 

C h 

21.21 in. 

23.66 in. 

C, 

10.79 in. 

10.34m. 

s b 

2,615 in. 3 

3,038 in. 3 

S‘ 

5,140m. 3 

6,952m. 3 

W D 

591 plf 

791 plf 


4 . 4 . memsHistcutirmHm 55/r(i6.8m) i fiiauamnmiMiuiiJtiiiJinriiti} 4,600 pif 
(67.2 kN/m) 1 post-tensioned bonded beam 

AASTHO tendon 'tnSPT StintilTintJfU "1 MSfiRTH1CUijimsiSt3mSt3RTHirj 7m.fUflJ 

X) CU V ^t. l_i tu Li 

fmtftlJBISFiCinfi 7-6" nHRj?9iHRj 1 

f pu = 270,000 psi stress relieved (l,862 MPa) 

E ps = 2Sxl0 6 psi{l93xl0 3 MPa) 

f' c = 5,000 psi(34.5MPa) TOfillSHStsHfn 

f \ MUnUR|jntU = 3,000 psi(20.1 MPa) rafitiSHStaHm 

f' ci = 4,000 psi(21 ,6MPa) 
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MRnficuimHsmRfmstfimmwmssTH MrmuninsimuBmnmi BtiUBRiHRim itPtucuHR 

\J i n Li vt> Li Li eases' 1 

i 1 

MIIMIljRmtiHMIlftmiHnrntlimailJRHUB anchorage St3t£3nJt3fTI JmCTltaHm 1 MSPitTl ShIBJ 
HlSHgfnte IuimM|H1URlfJmRia1WlBflintnR RIUlfiRtitmti f ps tsi^rria nominal strength 
itJitu (a) Sin?iiRini^*|jmmii^mwR[m:|punR|n!iJitiiiuM aci sti (b) fnn|Rlmtsm|HtJ|Htu 
nainju (strain compatibility) 1 MBRRUTlRI|TIRl3|ini3MIU 20% 1 MRJlRimBlHSRlRIlJRIBl 
RtJS anchorage iulffi strut-and-tie method 

(linea elastic analysis approach) 1 
4.5. ttiisffmtinktuns 4.4 ftJMSTO draped tendon til nonbonded 

SltiHJ 1 1|U}S tie-and-strut l!lHJttta|jmmiRUjRSraS anchorage 1 MBRtjl tendon |RftilB 
draped laitfitiRIUntlllWti *1 
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V. mjfitmmtJMWiafitsifcifnri 

in su in hi w 

Shear and Torsion Strength Design 


g.9. (Introduction) 

finmaiaiannJimnfliniiifniMnnHimmHSfnmuHaiTURaTtnaiBHTBUBtijninamH stf 

V \J \ | Li | Li eJ su 

RinaiHtii?iJtmMRHiaHaiHg&ii3iTfr1 1 ithmtmniMMtimfninMranaisnmtiianMMiiMaR 

suu 6 u 1 n U i n *\» 1 *J inn 

rawfi RiJMRnRnjiaiMTBiuRBiiiRiR ganmaiHnimm^intiMsriBMTHiurauTTiinaiTR^aud 

U Li eu su u su U Li Li Li Li U n 

ranamtiHMi 

i 

miraaranihamitnRraMnHraRairanaTsnaiTrriHHiriRHiarnR uua'imnamR sti 

ct I Li 1 Li Li eu -\a vJ su 

mnaiHtii nsMnfnitnmrRiHHinninanHmiJiti *i htnRtfhtitwiBitfimHBtnBmRiwmMBtfiHB 
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Figure 5.1 Stress distribution tor a typical homogeneous rectangular beam. 
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Figure 5.2 Stress state in elements A x and A z . (a) Stress state in element A v (b) 
Mohr’s circle representation, element A v (c) Stress state in element A z . (d) Mohr's 
circle representation, element A 2 . 
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Figure 5.2 Continued 
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Figure 5.3 Trajectories of principal stresses in a homogeneous isotropic beam. 
Solid lines are tensile trajectories, dashed lines are compressive trajectories. 
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Figure 5.5 Failure patterns as a function of beam slenderness, (a) Flexural fail- 
ure. (b) Diagonal tension failure (flexure shear), (c) Shear compression failure 
(web shear). 
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Figure 5.6 Maximum horizontal shear stress distribution across depth, (a) Beam 
elevation, (b) Beam cross section, (c) Shear stress. 
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Figure 5.7 Balancing load to counteract vertical shear. (a)Beam with harped 
tendon, (b) Beam with draped tendon, (c) Internal shear vector V p due to pre- 
stressing force P on infinitesimal element dx. (d) Internal shear vector V due to ex- 
ternal load W on infinitesimal element dx. 
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2 3 


(c) 

Figure 5.8 Flexure-shear crack development, (a) Crack pattern and types, (b) 
Shear diagram due to external load with frictional shear force V „ ordinate at sec- 
tion 2. (c) Moment diagram with first cracking moment M cr ordinate at section 2. 
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Figure 5.9 Moment-shear relationship in flexure-shear cracking. 


^.^.8.UMWianH1t3fnfi[gst3 (Web-Shear Strength) 

MiHiTmmnafnnrgBa (web-shear crack) tsInaammnarmmRmsTmEJimrmjna 
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Figure 5.10 Centroidal compressive stress vs. nominal shear stress in web 
shear cracking. 




Controlling Values of v Ci and v cw for the Determination of the 
Web Concrete Strength v c 
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Figure 5.11 Diagonal tension failure mechanism, (a) Failure pattern, (b) Con- 
crete simulated strut, (c) Planar truss analogy. 


mmanmimnitifimtimf simmmtintfitimnj 

/ n eu in eu u 


249 


\T.CMun\ 




mmlgjimmfjiuiiawfai 


NPIC 


Vertica l Top compression 




Potential diagonal Potential diagonal 

tension cracks tension crack 



Figure 5.12 Web steel arrangement, (a) Truss analogy for vertical stirrups, (b) 
Three-dimensional view of vertical stirrups, (c) Spacing of web steel. 
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mmansttsMMtinmimtft smmmtintfitimnj 

1 n su i n (v u 


251 


\T.Chlun\ 



HmlsjiramMtuiaSilcij 


NPIC 


titttSS 


nA v 


V s ns 

d sin a (cot /3 + cot a)f y 


(5.19b) 


mainintiMBntsi isinumnxItnmtSnmmniammniamsia (diagonal tension failure) Ht3fTTSt3Jt3 

in ^ ct tu -o n L»y v ^ n L»y 

mJfdllfiHISH B = 45 ° tiBIBSMHfTlI 5 . 19 b StifTlffitil 

n i ' V m 


V s = — — — [sin a( 1 + cot a)] 

Ay f v d / \ 

tl V s = — (sin a + cos a) 

itfisfrmtujR 5 v s = V u ~ v c 

Ayf yd , \ 

5 = : — I sin a + cos a I 

V -V 

r u y c 


(5.20a) 


(5.20b) 


TtlMSTOitlRTSSmTSR^gTmtllElJttlmmtU UTRmSlt3mS1tUltitUltlRS1l3tS1iT?i!tnsnfi StiTRlfilS 

U U 1 Li n vJ M U] L»U L»U 

t3onts1t5Hnmt3i3PnmtitssTH tsis 

<y tj ct Li 


V s = A v f y sin a < 3-0V7 ~ c b w d (SIR US) 

V s = A v f y sin a < 0.25 y[f\b w d (SIR SI) 


njWBttfrfilTtJUjRRtiUmTIHa BtilMBti 90° IBIMfitHB 

Li Li EUJ l ~t. 


AJydp _ \4f y d p 
(VJ<P)~V C V u -</>V c 


(5.21a) 

(5.21b) 


ISlfitiMHfTlI 5.21a Bt3 b, d„ ^BHimnMIIMMi3RSll3ITRiUtiRIBifTlB9rafi BHBIUMIlJRITURi3 

ct JJ zs n Li i u | t/ Lii 

Tfiia luim d ^BinmriMiiMMiaRSiaiTRlutiRiglBTufigHBiuMiiJRnHRi i rihjtjm d n hs 

Li ty n Li 1 Li 1 su y 

TRjRGtflti 0 . 80 /z IS 1 

L»U V 


252 


Shear and Torsional Strength Design 


Jqp^pstjiBnuimsmgmnBtii 


Department of Civil Engineering 


ttisfitmmsgin stifinrmmwttififfia 

Limitation on Size and Spacing of Stirrups 

MHfnj 5.20 sti 5.21 iHimBfgmngBtiTtjiMmifiaHtiiimiJRRa sttRHiflmR unmRitf 

v u ct m -v* i Lj 

i iBlinwuJw 5 tirats? (v u -vjsmnsisjtf 1 uSHjimmuJRRtiHmjiBUBW 
MiHirasHantBa titmtfirmsl minis ti. 99 (c) wrRiHBimiJBnimnHtiJiHHnuiinMTHiuliJnRa 

ct U n L»u v in -o ct v 1 -m 1 n U 

TimintosimiRiH: 

EuJ V Li 

(a) 5 max < |/i < 24/n.(60cm) tt][U/i mRHfdfiirarafiiHSRlR 

(b) ftJMSra V, >UJffb w d p (SIR US) V s >Ajffb w d p /3 (SIR SI) IR^RffTlR 
UStURtUlRHRUJHimrj (a) mRRtUllElJ ( 5 max < | h < 1 2in.(30cm) 

(c) ftJMSra V s >Mjffb w d p (&\fWS) V s > 2ljffb w d p / 3 (SIR SI) 
IR[Rjn|pRHSR1R 1 

(d) JUMBIU V u = tf>V n > (t>V c l2 , IR[RJw1RIljRRH1t 3R1RHUJUJH1 1 lRfl[dlS'l{RSJll$ 
ItJRHUjunniBsuJimMHmi 

A v =Q.i5JJ\.^- u A v = 5(}b "' s uJimmRHtmimiiJtiiBtiia 

l V J c r -v* v r u 

J y Jy 

TUMBIURHiainiRaTRianiMBfTin P„ Gtilti UlMBti 40% IBWMMi3BlCmnMftiR[1R 

Lj iu u i u u >/t> i n m 

(flexural reinforcement) ISIS 


A. = 




(5.22b) 


UJWfltiWBf A, HUTUmiTRiRlIRtitiia ItlimuJnnRJflBITUflTjBMtnB 1 

V v w Uo V Li U 

(e) luHjjflRjgmn ujRLBBtitRilflHIBlTnitiTJtiU (development lengt) fRiRinrimnini 1 
IB*mBBmtslUjRRtiTfifnBfiBtmBlRtiltiRItiR1IMtiR BtiftiRItiRlIBimiUMHSRIR. 

Lju iu tj <=* c* n c* -o l 

tRiR1IRpnMraRi3RlItTll!lJR (clear concrete cover) RS BaiRHIB^BClR 90° U 
135°IBlRl3RUBMi3R1 

ct n 

IUB £.9(11 UinmniJnTRimBRlIlJlRllJRRl3TBBi3IBlRlHRUBIBTu!fl3!tlIi3IUMBHITURi3 

V ui-naUU l_i i U o ot U i 

TR1i3IlJtlIIi3HiritBUBRnTiJimiM 1 l^BRtilRiriflRIRtSrd V. UJUJTfifRlJUjRTBBti 1 

Lj & Li 's* & v w >' l_»y Lj ] 


mmnnmmvMdnwbmd smmfiitfnmtfmni 

/ n eu in m u 
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Figure 5.13 Web steel envelope for uniformly loaded prestressed beam. 


l n cu ct U J n 

Horizontal Shear Strength in Composite Construction 

MBHtsinHntifnnmHBMiiJmtiiinrTiitiifTiTRtittiusiamaaiiJtiitiufni 

>in ~0 ~0 Lj d* nj yet 

nrifi. tpHHtntJBmSfTll (Service-Load Level) 

i 

iRHiBRimRnarmafTiniTiHBMiiJRHRuiin v h ntfntumjnjiHtUEJismrjfHmsQ 

1 U V CT 

v h=JT (5-23) 

I c b v 

ttiEU V = fiiatjntifnnRimmsnBIHHim (unfactored design vertical shear) UJtingHiriltijHS 

mfiMHIfd 

q = HHtijTisjittattiju ege tBnnjinHsmfluJnnBlnsiaiw ynsimunH ege 

I r = HHt3SQtUfTintSH8fTlfifiJH1fiJS1l3HtU 

c V 1 V 
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b v = 9gt3THtimai3U8iuMH8fnnTBBi3iaHaHtjiRTtmu UBBtilaHSfnmiJtmnmmai 

v U tu i U i n U v* 1 

mnamnuJR 

m 

ininBMTHtlIMHfni5.23 tiGSirntfriH 

UU V Lj 

V*=^ (5-24) 

b v d p C 

^^RHM|nMBmnfiMIIMManBlt3ItrTllBH8fTinMinMIBlB|UfiBHa cgc lUMltimtJJRti 

tmm 


Cc.ri.8. Ultimate-Load Level 


Direct Method: MtmumiwmaintJftnBmnnimn inintiimtnMHmi 5.24 ufimtlBM v 
ttfim v„ tiBiastmtiBBEutna 


v„ 


^ uh 


b d 

L 'v pc 


(5.25a) 


uMTHiniiMMtiRHiamHnmTiBHm v„ 

■vi U i n Eii euJ ~t> n 

Vul* Yn 

b v d p (; b v d pc 


(5.25b) 


ttiEU 6 = 0.75 . TtJMSra V nh tjlIJWMlafitntifTlRltifiBHm ISIS V„ < V„ h ttfimilWWtSfitntifTin 

' Li till i gi 6U ~t. U fill \ n fu 

bhrihiur 


^ nh ^ ntPv^ pc 


(5.25c) 


ACICode niUlR v nh (RH 80/?«(0.55MPa)|UMBrainHai|SllJnitiB1 (dowel) UUJfifitiUmjI 
luimitimmatumiiirimH unjMBitfrmnjttinfitinmTJHUTmtn uiaitiujHBHiatiimmaraH i 

<3i 8 U -VI U U tuJ Ed 1 n <ii 8 Li 

v nh HIBIBllJW 5 00 psi (3 .45 MPa ) IHIRfRjtftJ friction theory tflHffiStimJMSRSimffriH 
(a) iBlinwtaHBmauJnfitiumTi ulaitiusiaHaRBiRTtmuHiatliRnilrimH 

x 7 euJ i o <* n U s U 

lammtu 

V nh < 80A C < 80 b v d pc (5.26a) 


mmanstuMMtirtmbmfi sinmmtinmtimnj 

inn/ i n nj u 
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(b) 


tticu =b v d pc 

tsItnnjtiJtmm^iJRRtJHtijtmn tutu a c = 50 {b w s)/f y tnBttimiuMHtiRBm 

[finUHSHIStURCUlA^H 


v nh < 80 M 


pc 


V nh ^ 500 b v d pc 


(c) |TIMBrattiU*raMHaHtsin|jmUinBWR[m:ipHIlJtlIinBRHM V4in{6mm) ttiira 
ttJRtimjmtJjtJJHitsInti (b) [Rftnstfin usisum^p 

(5.26b) 

(d) tUMBIURmtifflRIHRIIJl V u > ^(500 b v d pc ). tHHIBIJU shear friction theory ifclHj 
prcinsntujR dowel i islfitiffjnjhso nmamRiiJRmtiHMTRftnBRmiJimntiiRaiiJtii 

<=* iu L*u nj 

v nh = /jA vf fy (5.27) 

tutU A v f = ffiSj'IItalS shear- friction reinforcement, in. 2 

f y =design yield strength. HS|R!itUfi3 60,000 psi(4 14MPa) 
ju = iHRiumnn 

= 1.02 MTHiniuRaliJnitnmwitiraRaiiJtiiinBtiiniminRH 

U i <^i a U 

= o.62 MTHiuraRafiJnnnmiSitiraRafiJtiiHBinBtiinimriiRH 

U 1 eSi 1 3 u 

2 = iHRimMimtiunnsraRa 

IBlRtiRIimBltiJfM IIMMijR'lRBHRl V n <0.20/' c A cc <800A cc tt3cu A cc til|R9pitiU*IUM 
lURallitligUBtiiBaRHiamRltil (shear transfer) 1 Stllfittl IBlRtiRIimtilllBB RtitmtiRIR v uh 

ItJniagwtnBtiRHiaRimHHimHBntiiti soopsifaASMPa)^^ amss iRHBBitni3tRimn|S!R 

shear friction theory Ri3fOJRhnS11tjRJi3tTI (dowel) (composite action) 

ISlitSI 

RtmRHBtmRIfRanntBflJRltitn (dowel) tl tie MTHIURHnamRUjRRRIHRBtiiaiRntJ 

1 no x/ -vAl_itu nj v c* 

BRIiTlH 4 fli3IBBinRBtili3IRIBH3mRB|H BiS24in.(60cm) 1 


Basic Method: ACiCode HBrmRiHimirBBitiiaiBtRiiJtiiRBiaRiRiiJnTRitnBHiaR 

l m U \J U cu L»y n 

itJimRimBimTHnrHW^mMtiiBRinaMaR unHiamrmsImauatifnHtfi BtiuJmmiJRtntimR 

U Liu ci su n su -octtu u ciiu 


7 '. Clilnn] 
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uJmm«slHamiJtiitii9|]En iRtjBMtRBjrtatn a cc M^ rro b v d pc i BlRtiMHmi 5.25b sti c 
tsnsttisstutns 

V 

^ nh — ^’nh^cc (5.28) 

iticu v„ h > F h , RmafTiniiJRiuimmaitmBnmM^TRii^aRinaMaK ctiRHitisim t tsl 

i tit tt cu L»u '•*> cu n x* cu x> 

RtilHB BJ.9tsKIHHIMHmi5.30 MTHIHRtHIUM F h ) 

<=* V Li tu 't 

ififflBRimHfnapiijH* a cc tiBSimirnH 

A cc = b v lvh (5-29) 

itiEU Z^tiltHlJtiRHItimRttiR (horizontal shear length) ItiWRnilRialRtiJUB 5.15(a) S-b (b) 
MTBIAHtifiSTHfiTIHm BtiMTHIHHtiRBTHtilHlJftiRl 1 

U nU cn U nU ijct 


wt» 

Design of Composite-Action Dowel Reinforcement 

tbn tie MtHlHRmamRItJRinBtijl^lariltniltJRlBltll (single bars or wires). rutiRRti 
iSthftsS (multiple leg stirrup) ljTI vertical legs of welded wire fabric *1 riOARJAhlllHSH'ltiti 
till3HBtJl3IBBinitJtlIRBtill3IRIBHl3RBTHU 24m. (60cm) itfimmRHHJnniltJtlJRBtiltilR *1 TAMS 
ra Lt til IHRUilRHiaRRR IBISIRinBRimRRHiamRUjRBHRl FtiaiRlaiHB BJ.9d tiBHltilTRIH 

• i cu cu rt ct jj jj l_j 

F h =juA vf f y <V nh (5.30) 

RtH ACI JAM n RHDnwWMMtiRRR-RHiamRRnilR (limit shear-friction strength) 800 psi 
(5.5 MPa) c fitiiRtHitJniHiBtiiRniirMjRmnHBBitJtiiHUunuJimmiriiMiB) i IsnfinsraRmra 

v / CU 8 1 <x 61 LT1 XA eJ <x 1 Ll 

Rtipnti (Prestressed Concrete Institute) ItUlSI = 2.9 TjBMIinm ju = 1.0A MtHlHIURti 
ItJtllBlRIWltilHRaipH HJimRmtimRRimBIHRmHl (maximum design shear force) 

V u < 0.25/1 2 /’ c A c < 1,000/1 2 A cc (5.31a) 


mmansttsMMtirtmimtfi smmmtintfitimnj 

/ n at t rt cu u 
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Situ-cast 



A iap - effective arBa of the cast-in place composite topping 
C c - compressive force capacity of the composite topping 

- o.m^.A w 

C ” total compressive force 
T - total tensile force = A,f, or A pt f p , 

“ compressive strength of the topping 
F h = nominal horizontal shear force 


Case 1: C < C c 

F'-C-T 
Case 2; C>C c 

F„~C c <T 


(a) 


Situ-cast 



Precast 



F,‘T-C 

lb) 

Figure 5.14 Composite action forces (F h acts longitudinally along the beam 
span), (a) Positive-moment section, (b) Negative-moment section. 






Figure 5.15 Horizontal shear length in composite action. 
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(shear-friction steel) 



(5.31b) 


U 


A — ^ nh _ F )i 

''h ~ r ~ f 


Mefy Mefy 


(5.31c) 


ufitmrumHPCi tticuHSMlfJlBfnn MHfnj5.3ic mtutii 

U tu v 1 cu 





(5.32) 


to b v i vh = A cc . tomijura'm 


fy fy 


50 b v s _ 50 b v l vh 


(5.33) 


g.tf. ^tmSRnJimtl3i1T9StlMTH1URt31l3fnfi 

Li i U cu 

Web Reinforcement Design Procedure for Shear 

siaiTfTiH^rniMiaurifiuTiaiafniHniimiiJRTgBaMTinuRmafTin: 

u 3 U i U m 

1. nniinmHiiMMtiRmarnHtiHmiiJtiiTHirni v=vj</> tslTsiiatiHim h/2 nittora 

cu i n cu Lru nut Lj is l_i 

to tf) = 0.75 1 

2. HimmilMMtifimtimntiHm (nominal shear strength) V c tE3tU'[SSt3mStE3ntm{p3 > GHEII 

math tun h! S' n i sim ]rr\ h : 

(a) ACI conservative method ftJftJSttJ f pe > 0.40 f pu 



to 2 A,Jffb w d p <V c <5Ajffb w d p MfjnuginUS 
ljffb w d p / 5 <V C . < 0.4 Ajr~ c b w d p MtjnnglH SI 





mmlgjimmfjnatiwltij 
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VJ P 

M u 


< 1.0 


luiminHimm v u m u i 

tUMBlUttMMtitpjnmilJHnjH (average tensile splitting strength) f ct M[H1U 
mRtiSHSjWlElJ ISIS A = f ct l6.ljf\. MflnUfpfi US tJ A = f ct I0.556-Jf~ c 
Mflnuglfi SI tflHffiSti Jf~ c HRRtflti 100 psi(0.67MPa) 1 
(b) Detailed analysis luOi V c Si3V cw 


(SIR US) 

ct 

(SIR SI) 

ct 

(SIR US) 

ct 

(SIR SI) 


1 JA^b w d p <V ci =0.60 AjT c b w d p +V d + 

A/AMp < _ v,- 

7 - ci - 20 + d + M 

' ^ lVi max 

V cw = (3.5A^ + 03f ( } w d p+ V p 

V cw = 0.3(A^ + fXd p +V p 


- J ^{ M cr )< 5m ^ b w d p 

^ max 

(M cr )< 0.4/1 JT c b w d p 


i£3lffil|RRIHnjnt£3nJRtjimRRl3m[UnH<;/ p StiO.8/7 


M cr = {i c ly t %Ajr c+ f ce -f d ) 

(SIR US) 

ct 

M cr ={l c /y t io.5Ajf^ + f ce -f d ) 

(SIR SI) 

ct 

M cr = S b (6A y [f\+f ce -f d ) 

(SIR US) 

ct 

M cr = S h {0.5AjT~ c +f ce -f d ) 

(SIR SI) 

ct 


V: = RH1t3R1RmR[inlE3tlJU[hnClJnUSRHSjRSnSimTRilE3nJtRRH1SRt3 

1 £U 1 Cl & 1 ci Li ct 

intutocURltjIHffiSi ) M max 

ct y IIldA 

f ce = Rt3|mt3rdamsiRmuRm[mmmRHisRtmRuamt3Hrjisi[Ri3 

RjnrdsimrRirarjHSRiR^tiJusRSimTRiumHitiJHisRtaTRiamrm 

U 1 < 2 j Li n 1 Li -o 

f ce mratii f c wuntifititmtiialtRira i 

3. “[iJMSra V u /</><V c /2 JlHS[RJmnE3R]^SmS T JTJMBIU V C /2<V U /0<V C flfflffflJ 
ftiRHUjurai 1 ftiwsra v u /(f>> v c sti 


UIMBIU u, =v u /</>- v c < ujr~ c b w d p ( SIR US ) 

U, = V u I </>-V c < 2A^f r c b w d p 13 ( SIR SI ) 
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ifitnffiiinmftifitgati 1 

tpwBiu v s = v u i <t>~v c > 8 Ajffb w d p oy s > </>(v c + ujffb w d p ) c sir us > 
A =V u /</>-V c >2Ajffb w d p n (SIR SI) 

IRTfifthffftiHSmR 1 

LrU vJ 1 

4. R[inm!lJRT9Bi3HUTUnnilJllITRfmn RIU1RR 5 <0-75/1 TJ 24m.(60cm) ttJlffiffiRHffitUTl 

U i e-J Ljtj -ci V / i) 

ItinjRBtjitiifi i 

v 

A min =0.7577^^ U A vmin = 5 ^ S - (US) 

J y 7 y 

Amin = U Amin = (SI) CUGtilti 

16/y 7 V 

ftjwsra f pe >0A0f pu . Ayn^fiJwinBwnimrMiRmnRBtiiatiiRiHRBtiiaiRRa 

thnirra 



ttfCU d p > O. 8 O /1 
tinncusti A vmin 

A 

v min 


= 0.75VT7^ U A vmin = ^ (US) 

7 y 7 j 

=U7 1 AgA.„ 1 „=A i<SD 

lO/y A 


5. PTEUlSTStTI Bl3R[mR!lJni9Bl3IlJtlI|Rfmn ftJMSra 


A = {v u / <t> - V c ) < 4 Ajr~ c b w d p (SIR US) 

A = A / * - V c < ljr~ c b w d p / 3 ( §1R SI) 


iBisRnnRiiJnRa 5 liJniTRirnimMBaRiHifltiiRimBfiliJimMHfnrfiJtiiiinmiBlnafilJTiB 6 

LiU ^ EU c* 

IRUIMBItS 

A ={V u /</>-V c )>Ujffb w d p (SIR US) 

U, = V u /</>-V c > Ajffb w d p /3 (SIR SI) 


mmnnmmvMdmndmd smmmtinmtimm 

i n nj in cu u 
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imsnnnfluJrmti s iflniTHffmmMBtimnminitiiiaHtHuJtiiHimmuJimMHmniJtiiiinm 

L/u Cl tu 

lalfiatjunB 6 1 

ct 

6. 5 = Av ^y d P = A '’fy d P < 0.75/1 < 24in.(60cm)> s HUjUJHlIStUtnsn^UTlS 4 


M~V C V u -(/)V c 

7. Mij shear envelope IBllWlUfllBH 3tlRItIC7nRKtI3tl3tUTSlffnittiRT93t3 

A c* c* 7J O L»U U 1 

8. RinTtnmfiJRTgBamHuiiijnmitiitiiiJimnuiiJRRaBtri #3 u #4 rihuJujbujbr uIbuJr 

W Li Li 1 Cl c* Li "VA V Cl 1 Cl 

m3Hsx0f'tnsstriGtjit3 #6 tg i 

9. PTEUlS1tt3n?i3tn (dowel reinforcement) !Jm]iRl3RimH8frififiJH1fiJ 

(a) v nh <so b v d pc mtintie urnji 

aaMTHiumtiitin* itiWHBiTRHmBinjitiR tie umTmmmm i tm 

U <ii Li 1 Cl Li EuJ &J Li 

A _ 50 b w s _ 50 b v I vh 


fy 


fy 


(b) V nh <500b w d pc MimmtiipHIlJwmaiBniRJinigRHM l/4in.(6mro) 

(c) M|jnURinji!lJtlI V nh > 500 b w d pc , PilinSItuR tie UmjJhJ|H1U V nh = A vf f y ju 

Ititu A vf = |R^ltiIUMIlJRlSBillJtlIBiatlIR[m:RRR (frictional steel dowel) 
// = IHHUilRRR = 1.0A M|HimtillJtlIB1BtlIR[m:ilRH!lJtlIA=1.0 
MTHlUIURtigHaBHRl 1 WTHIUTRURinjigiiaHW 

Li 1 vfc Li Li 

v„ < v nh < 0.2 f' c A cc < 800 A cc ttitu A cc = b v l vh 1 


iBitijaigjRiaRiiRnjiBiiRgpitifiJRitiBi A vf RiiJimHimaiRHiaiiJRFftiaiiRiaitiRRR 
JTJMITJRtiftiHJ 

i 


— Me^vffy — ^nfi 


tilth 


i ! oooA4 ^ 29 

F h 

ras &L9§ u^RinfitmaRimaifiJtiitnBnturiuBiaiwtiigTHti flowchart i 

1) in U U 
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Figure 5.16 Flowchart for shear-web reinforcement. 
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WHIM 

Principal Tensile Stresses in Flanged Sections and Design of 
Dowel- Action Vertical Steel in Composite Sections 


ras v = i20,ooo/z?(554&a) njitunuiti 

V cu tuJ U ~t. i \ / m 

mniHRIUl V u = 190,000Zfc(845iUV) 1 

(a) RimmnarmtigiiTiiHialTntiHmgrafigHBcgc BaiBlTntiBimBTtiaina a tBmaamnm 

1 Li -o Li O U 1 t/ ' Li i Li l cu ct 

ifuatmu amgsti BanniiBiRi3Tsni3RBii3mmiJRHnminiTrnHHinuBm5miMTHiu9 

CU Li l 1 Li cu Li < 2 j e» Li 

HntimtilB* 1 

(b) HnjiBinMMtininarnRiiJntiHiTiiiJtiiTHJmnBiTRtittiHBiRH A-Ajfimsstitotrm 

x ' i n eu ^ Liu U -in rt ^ U i 

twin BtitmuifltutjiRiBiBaRiBa stiunjisitojatri utotie urnTJoitnatBulrrumimj 

Li nj cu "Vi ruJ eJ 

iHEUfrlUiSlTUti A - A toaiBIMRHmnMtnMIEirmtIJrn ^ ITU ACI direct method Si3 

Li -sj ■nj Li 

MBRtslltiminBtllRnilriTRH 1 MHRRHtflBtiBSltilTRlH: 

vt dA 8 Li vt vt ij Li 



f' c MpnniBBa =6,000 psi mRaSHSUHm (normal-weigth concrete) 
f’ c fdjWUfjJlU = 3,000 psi raRiJSHSUHffl (normal-weigth concrete) 
SStimUiyMSJTin b m = 60 m.(l 52.4cm) 


to b m ^ 9 gaiRRTHj!lJnitnBRRUt 71 tlimn 8 MRllBHatinH 9 riMBIUMraRl 3 ltiRIlJtlItJlR 

ill Liu V- i ot U I vJ <ii i ct 


[rmti BaigRsiainifiJtiiBimaiBaRiBa i 


Situ-cast 



235 psi 


243 


A e m 1296 in? 

I c = 408,240 in? 


Compressive 
stress f c 


Horizontal shear 
stress v* 


Figure 5.17 Beam cross section in Example 5.1. 
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dtn/ngffmm: 

R43Tfntmtnt3fnmGfnm3R 

1 U CU c* 

narmamnafnRuJRHRnnn 

1 U cu 

VQ 


v h = 


IK 


U3tU Q a =60x 1 2(19.32 -6) = 9,590m. 3 (l 57,172cm 3 ) 

Q cgc = 60 x 12(19.32 - 6)+ 12x ^' 32 ^ = 9,91 2m. 3 (l 62,429cm. 3 ) 
tJBiBjRarflianinaRiRiiJRiTRiHHinuBRiSRiiR 

V ] U CU U <in O 

tSl^RtiGCintS A , v h = 120,000x9,590 = 235psi(l.6MPa) 

L ' 408,240x12 v 3 

IBlpti cgc , v h = 120,000x9,912 = 243 psi{]. 7 MPa) 

L 11 408,240x12 v ’ 

nMHfnj5.i3 RatRiamRiiHiiJtiiTRfHiR 

1 U 'O Liu Ct 


IBl|Rti A, f\ = 


f f \ 2 
J cA 


\ * J 


■vj 

2 


2,160 


\ 2 


(23 5 ) 2 - = 25 psi{ 1 1 1 Pa) 


saiaitRia cgc, f\ = . 


1,831 


(235) 2 -y 31 = 32psi(22lPa) 


UBtas RtiTRntsgimiHtnBfitHflB stiHsumHimHisfmmmsnmHmnusmGmns i 

v iU-o cu v n ctuu e* «=» 

lR[Rj]^RnSRjnt3{Enl3nml3fTimSn v h = 235/w/IBltRtSttim A-AttStjjttijti 

^RtsifiMRiBlnaiiJBnniimiJtiiiriBBBtiimRtnBi hbuiuhibIrihaastho Rtsiffiti 

<=* W 1 1 U 

HBETnRHRmtnR 160 psiifAMPa) < 235 psi(l.6MPa) tiBIB*mitinhHimtiimMM 
rJTHimSmam UttJRtie UmTmiBHTRftnBIBTUWBItfrRHBiRRIHRTHfRIJIUM 

U "VA EUJ Lru e» U 1 Cl Uu 

AASTHO 1 


(Dowel Reinforcement Design) 

V u = 1 90,000/6 

V nh = p- = l90 ^°° - 253,333//;(l 126fcV) 

b v = 12m.(30.5cm) d pc = 57m.(l45cm) 
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ClfiJHmi 5.26b 

V nh t£3tumQH1S= 500 b v d pc = 500x12x57 = 342, 000/6(l520fc/V)253, 333/6 
nrjHfru 5.22 a, 0.757/^ = 0.7576,000 = 58 > 50 tictsstfu 58 lalfitiMiminBi* 


^ tmmmmjjm =^±= 5Sxl2 =o.on6in 2 /in mmimintincmi 

l vh " J /v 60,000 0 ' 


flBiBMimtiRfitiurnji #3 ttituma a v = 2xo.ii = o. 22//7. 2 mini 5 = 0.22/0.0116 
= 18.9m.(48cm) ititURRnHRjtSlHR] <24 in. tftslSgRSSEUffifltnS (O.K.) 1 UJntBBtiTJtTlJI 
MTHiuRHiafnmglnaTBBamTHffniRtiTiHHtitiiaiB* i utnss nsmtinnmsstirntiHfihsImi 

U tu ct U 1 u Lry v V tu U i c* 

1 v 1 

nT'tntuscinmatmtEScutnrnsIsamsta t 

U a tu 


6.90. 

Dowel Steel Design for Composite Action 

gmwinfi (a) tHHiumnn aci sti (b) rafituinnsi pci BiHiuiBiiiJnititn (dowel 

reinforcement) ISgSIUlitlji ti.9 MIpiUMRHfnnMHlMItimtlini (full composite action) ttflHJ 
iBltiiaiBlH (alternative method) 1 1lJimMBmnil3raM9fnnraMBHgTHtmHtTlIMBl3 

i_J ' '*>e'Lie» ot Li m ^ 

65/t.(l9.8m) 1 

drms/fiffar.-nms ti.vd sn g.sri 

A top = 60 x 1 2 = 720m. 2 (4,645cm 2 ) 

C c = 0.85/' c A top = 0.85x3,000x720 = 1,836,000/6(8,1 676/v) 
fdSR A ps f ps > C c tsItcicuttJcmtTHBtmraRHitstxtinaiTna *i tsis 
F h = 1,836,000/6 

/ 65X12 OQO- 

l vh = — 2 — = 390777 . 
b v = 1 2m. 

80 b v l vh = 80 x 12 x 390 = 374,400/6(l,6656/v) < 1,836,000/6 
tiBiBs iRTRlmiiiJn tie tjetitj *1 

V LrU CUU 

MTHimtiiraHIlJtllHIBIBfTmnnitsRHM 1/4/77.(6777777) BtitnBUJnHUTmtn 

Li * L -o EJ ^t. n V / W 

V nh =5006,, d = 50x12x57 = 342,000 

V “ tottrimj = |C ^^ )Q = 253,333/6 < V nh = 342,000 
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< F h ttitUHTGHlS = 1,836,000/6 

Iff} F h =253,333 lb (required composite 

action reinforcement) 1 


(a) tttiimpntf n raw aci 

nfJHfTli 5.27 ga JU = 1.0 l vh =390 in. 


A vf wra= 


A vf HTJJtlJHI = 


253,333 
1.0x60,000 
50 bj 


= 4. 2m. 2 (26. 3cm 2 ) 
Y vh _ 50x12x390 


fy 


60,000 


= 3.90m. 2 (25. lcm 2 ) 


nqmuimii g.® A vf Hujuim =o.oii6m. 2 /m. = o.i39m. 2 /i2m. , niu 1 Stjtssrmntujta 
uJnnti #3 iraasstutns a, =2xo.n = 0.22m. 2 isis 

u 1 

s = lyh ^ L = 390 X 0,22 = 20.42 HHfmslHm < 24m. < HlHHBtmHHHUnn 4xl2 = 48m. 
A vf 4.2 J J « ' 

tiBIBMtjfftifi tie HfijIU #3 itiCUUlSfiClJlfi 20/n. fiKEIHfiJIBlHfiJ 1 

(b) ju e JUftj PCI 


/l 

M 


= 1.0 

_ im^\i vh c29 

F h 

_ 1,000x1x12x390 
1,836,000 


= 2.55 <2.9 


titttSStfU ju e = 2.55 1 USTOHR nfi3HfnJ5.32 

A, RTHffTlJ= — 253,333 — = 1.66m. 2 < A vf HUTUJH1 = 3.90m. 2 WU 
} u 2.55x60,000 } 

tiBIBMTTJUJfi tie HfiUU #3 ititUtflSREinSi 20/n.taMHfinglHfiI (HtiRtfo 9.5mm 

v u vJ o n v - 


Rtllin 55 cm ) 


mmanmtmtiitffimtfmfi smmfiitfnmtfmnj 

/ n cu in nr v 
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#.99. Dowel Steel Design for Composite Action in an Inverted T 
Beam 

#£^/7//Z/7fi(/77.*GHHRn T tlTHTIMtuWTS^tlJSTHfiTIHfTIHISttUtiTtJMSfnn 24/? (7. 23m) 1 H8 

ctO l_i if. Li Li m e» Li e? ^ V / \ 

fnpirarjGmsiTfiftnstJt3initslRi3ras ^iraHisRTHicu8immtt3cuirims1st3mst3RTHirj 

Ct Lry LT1 -o c* V Li eu Li 

2 in. (5.1 cm) ISllWItaHRURH 1 R[Uimtt3RRl3Ji31jiaitni31uHimS?1fi3RHfnnfiJHlfiJtnniltUni 

\ / On Lj w n ~t. -o ~o 

(full composite behavior) ttilffiWSRtriRBliimfhHfitUl V„ ttiEUGHTRl itilSlTRtiHSmmTRlgtilfi 

x A ' •s* su l it ot L»u Li 1 Li ot 

R 160,000/6(7 12&V) 1 MHRRHtnBtiBS'ltilTR'lH: 

/' c (Q1R^inU) = 6,000/75/(41.4 MPu) , TORfciSHSGHfn 
f' c ( RpntllBUaiW) = 3,000 psi{20.1 MPa ) . raRtiSHStSHRl 
ttiRlTURtiTfllia: tendon 270k Htifitsfi l/2m.(l2.7mm) GSS 12 
f pu = 270,000 psi(\,S62MPa) 
f ps = 242,000 psi(\,669MPa) 
f y nJfjluR tie = 60,000ps/(414MPu) 

UJimituma ACI direct method S(3 alternative method tjlHffiSH p e UIMBfnnMpnnRIIRimm 1 



(61 cm) 


Figure 5.18 Beam cross section in Example 5.3. 


foaimitmm: d p = 2 + 2 + 10 + 12-3 = 23 in. 


A = 12x0.153 = 1.836m. 2 

T n = A ps f ps =1.836 x 242,000 = 444,312/6(l,976fc/V) 

b v - 12 in. 
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A top = 2 X 48 + 2 X 12 = 1 20 in. 2 

C c =0.85f' cc A top =0.85x3, 000x120 = 306, 000//>(l, 316UV) 

<T„ = 444,312/Z? 

titslSi IJTJ F h = 306,000//?(l,361UV) 1 US1UHR W{Himt|HSifRH 

V ;i/j itifUHTCtflS = 80/^ =80x12 x 144 = 138, 240//>(615UV) 


< C c = 306,000//? 

iJtjiBJiiJRtieliJWTHimitiitnBMTinuuiSnMRHfTiriMinMincTiitiiiTiiiJimnu 2 = 1.0 1 

7j U n -o -o Lj 


(a) ACI Direct Method 

v nh n|Hifni = ^ = 16 0 0, 7 0 5 QQ = 213,333/6(949^) 

JfU n = 1.0 1 USTOHR HfilHRlJ 5.26a tilHmStiltiRttitn (dowel reinforcement) 

irantns 


V nh tt30JH1GH1S= 80 b v d pc = 80x12 x 23 = 22,000 lb « V nh H|HfRlI 

HfilHRlJ 5.27 rd{Him^tlJHSl|RH ju = 0.62 = 0.60 1 US1UHR 

A f MJTJfifHifTlJ= — = — 213,333 — = 5.93 in? 

1 ' u jLtf y 0.60x60,000 


nfilHRlJ 5.22(a), 0.75 Jf\. = 0.75^/6,000 = 58 > 50 ti 

A f hujuihir[hJru= 5Sb ' ,lvh = 58x12x144 
J u / 60,000 


BIBMJU 58 ISlRtifdBRlJ 
= 1.61 in. 2 < 5.93 in. 2 


titHSSIfU A vf = 5.23m. 2 (33.7cm 2 ) n^tUfiTIRtlJJi31uR tie HRjJU tflH #3 1 RSTOHR 
A vf = 2x0.11 = 0.22m. 2 (l ,4cm 2 ) SUHlSRtlTIR 


s = 




A, 


vf 


144x0.22 

5.93 


= 5.34m.(l3.7cm) 


RtUIRHSnnRHRUJHIR 5 = 4(2 + 2) = 16m. U 0.75/i = 0.75 x 26 = 19.5m. < 24m. 1 

1 rn V / 

tJBIBMtUUjR tie HRjJU tflU #3 RtUIR 5m.(l3cm) RRnHRjlWHRjlWityi3S1l3HtU 1 


(b) Alternativ Method JultUljjJ u c 
F h = 306,000 lb 


mmanmtiMMtsnmumei sinremmuitimcu 
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Pe 


1,000/1 %l vh _ 1,000x1.0x12x144 
F h ~ 306,000 


= 5.65 >2.9 


tiBtBMtJJ M e = 2.9 RS1RHR CIMBRIJ 5.31c IffitiSSEUtflS 

A f nfJjjRlJ = - = 306,000 =1.76 in? 

J U Mefy 2.9x60,000 

A vf HUjUlHl§l[HJmnStUtnsn (a) = 1.67m. 2 < 1.76m. 2 

titttSSlfU A vf = 1.76m. 2 ISISRCUIRR 
l vh A v _ 144x0.22 


5 = ■ 


V 


1.76 


= 18m. HHRjlSlHRj 


mitURtUIRHSnnRHRUJHIR 

l m 

s = 4(2 + 2) = 16 in. < 24 m. 


[2bibs nmUntie hriju tiro #3 HisRcuiR 16m. BHnHRnslHRntBfnjamtiHtin 

V U On O O e* V 


Cc.9l3. Shear Strength and Web-Shear Steel Design in a 
Prestressed Beam 

$911/1 Ttlfi tc. tr.‘ R 0J1 SI bonded beam lagmuim/i ts.la ^HjtmffiHlSfi3jRRin|!J331l3Sl3RlJtnR 
tultlIRHiRRIR IUimR[mmilJRTgBl3HTHjRin 

m U 1 

dtamgjantn: 

SSStU 3t3R1JRtinRtJfdftJi3RH3t3RnRBHtn (data and nominal shear strength determination) 

f pu = 270,000 psi(l,862MPa) 
f y = 60,000 psi(4 1 4 MPa) 
f pe = 155,000 psi(l,069MPa) 
f' c = 5,000 psi raRHSHSRHRI 

A ps = tendon HtiR§R 1/ 2m.(l 2.7mm) ititlJHIS wire 7 GSS 13 

= 1.99m. 2 = (l2.8cm 2 ) 

A, = 4#6 = 1.76m 2 (l 1.4cm 2 ) 

|u!J 13IW13 = 65/f(l9.8m) 

USR1§R1J W L =1,100 plf{l6.1kN / m) 

USR1§R1J W SD = 100 plf(lA6kN/m) 

1 
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UBmSmi W D = 393 plf (5.‘ 7 kN/m) 

1 

h - 40m.(l01.6c/7?) 
d p =36.16/77(91.8o7j) 

d = 37 . 6 / 77 ( 95 . 5077 ) 
b w = 6/77.(15077) 
e c = 15/«.(38 cm) 
e e = 12.5/77.(32077) 

I c =70,700/T7. 4 (l8.09xl0 6 oT7 4 ) 

A c =371 in 2 (2,432cm 2 ) 

2 =187.5/77. 2 (i,210ct77 2 ) 

= 18 . 84 / 77 .( 48077 ) 
c t = 21 . 16 / 77 .( 54077 ) 

P e =308, 2551/7(1. 37 LUV) 

USRlHRtin W M = 1.2D + 1.6L 

= 1.2(100 + 393) + 1.6 x 1,100 = 2,352/7// 

v u = w u l / 2 

= (2,352 x 65)/ 2 = 76, 4401b 
V n = V u /tj> = 76,440/0.75 = 101,920 lb 


1. UMMi3nH1i3fnfiKHSn (nominal shear strength) V c ITJMtBBti ( tjUTISSlO StiSCTl) 

1 . 36.16 . , , 

-d„ = = 1 .5 ft 

2 p 2x12 

V n = 101,920 x K 65 7 2 ) — 1 - 5 ] = 97,216//? 

65/2 

V u ISljTiti ^d p =0.75x97,216 = 72,912 lb 


fpg = 155 , 000 / 75 / 

0.40/ p „ = 0.40 x 270,000 = 108,000 psi(l45MPa ) 


/ no / l n iu v 
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< f pe = 1 55,000 psi(],069MPa) 


ACI alternate method 

ttfitufinj d p > 0 . 8 / 1 , iju d p = 36.16m. t£3nmejssit3dtt3nt 1 


npJHfnj 5.16 


r 


0.60 277; + 700 v ^~ \ w dp > 2 ijr~ c b w d p < 5 a V77m ; 

y 


A = 1.0 M|jnmunaBHatjmtii 

, , ^ ~ VP (l 5) 2 

M u iglpa / 2 =|TIHRH xl.5 — — 2_ 


= 76,440 x 1.5 _ 2 ’ 352 | L5 ) =112,014 ft -lb 


= 1,344,168 in. -lb 
V^ = 72,912x3626 =196>1Q 
M u 1,344,168 

tiBIB«tU V u d p lM u =1.0 ISIS 

V c HUjmHl = 2 hjf\b w dp = 2 x 1.075,000 x 6 x 36. 16 = 30,683 lb 
V c hBuJHI = 5 X^r~ c b w dp = 76,707/6(34 1JWV) 

V c = (o.60 x 1.0^5,000 + 700 x l.o)s x 36.16 
= 161,077/6 > V c hBuJH1= 76,707/6 

USTOHR V c = 76,707/6 . HIU 1 tits?Tl V u l<j» V c /2 titnss in|nimi!iJR|9Ba 1 

V s = — -V c =97,216-76,707 = 20,509/6 
</> 

U^T~ c b w d p =8x1 .075,000 x 6 x 36. 1 6 = 122,7 13/6(546/7V) 


> V, = 20,509/6 

iJBIBSRHMIUMHSmRraUTmB 1 

U n 1 U U 

2. !tiR|9BtiHUJUIHl (BuilSS^) 

nrdHfTlJ 5.22b 


A 


V 




Hujurtn = 


A-ps f pu 

80 fydp 



1.99x270,000 1 36.16 

80x60,000x36.16 V 6 


0.0076m. 2 /in. 
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3 . !tJn|9Ban|Hffru (dunagfi Base)) 

nMHfflJ 5.21b 


5 = 


A ,fy d p 


Vu't-Vc 


< 0.75 h < 24 in. 


U — = 


20,509 


f y d p 60,000x36.16 


= 0. 0095/7?. ~ / in. 


c RHimramiTmaRTRfGtJia o.4xiiMMiamtTi) 

oj U i U Lru i n 

ItJRtBBtiRtntiRlR (web-shear steel) UJnJ|fifRlJHTJJtmn A v /s = 0.0095m. 2 /in. 1 


tiBIB*rmRWJtiUjRRtiHRJIU#3. A v =2 x 0.11 = 0.22m. 2 *nB18RtlTlRHfiTmn 

s = ^'22 - 23.2m. (5 9cm) 

0.0095 v ' 

BtJ 4Ay[ffb w d p =4x1 .0^5,000 x 6 x 36. 16 = 61,366/6 > V, 

tiaiss imaHstHfRiniu i nsjf 


0.75/7 =0.75x40.0 = 30.0m. 

utnSi ITU web-shear reinforcement #3 RtlTIR 22 in. RROHRIIBIhRI (UjRRtiHtiRttR 

v u OO n u- 

9.5/77777 RUHR 62c/77 RRHHfijlSlHfij) 


U&ttitlJHSTRfRintiRRiJ 

Rl Liy 


MBRtsintilBJMRiaiBHim xnsmi mUTRIRUIHtiB 


u 



76,707 


2 

76,707 


= 10 1,920 x 
65 


101,920 4 


65/2-x 

65/2 


x = 20.3 ft(6. 1 1 / 77 ) s/ 244/7?. 

gBIB*I|UIlJRRi3HRJIU #3RtUlR 22 in RRnHRJIBlHRJli3|u!il3|UIUltlI 244/n. itflHJ 
ISnmasHtUQimBmsiTRa 18m. nitixastH i RTiiimiiJRRaiBliJwRnmniiniiaTUMBraiRTRfRii 

u n Li <*iULi ncs'U Liu 


MRHfnnMHifin 


mmanmtmtiJtifimtifmt smmmtinmtimnj 

/no/ 1 n tv v 
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Gc.9£Tl. Web-Shear Steel Design by Detailed Procedures 
gmtmnfi ef.d : itfts jjjiffigmtmnii tu.6 ubmihnMHntoRnflnniHJUM v c tiintHnstiiain 

t3 flexure shear V ci Sfl web shear- V cw 1 Mafitfl tendon fflftns harp tSiflCUTlCUttyfl 1 Until 
MSRtri f’ c = 6,000 psi 1 

t}tnmtrtmar:vmfi\e rarjiSmmnflrmflmJtnsuflicTiislRflms 

U U ] U Utj U1 -o Ct v 

ufctalTfiii d / 2 nttbuMgra 

Rl u « u 

nqmuimn eJ.6. v n = 97,216/z? 

1. Flexure-shear cracking, V ci (frUTISSlO) 


\ I 

An" I 


' 

21.16 cgc 

j -j 


: 15" cgs 

J 

\ 

; 18.84 

— 


12.5"*?; 

-« 32'- 6" 


z 


65-0" [19.8 in.) ► 


Figure 5.19 Tendon profile in Example 5.5. 


nrjHfriJ5.il 

V ci = 0.60A Jf\b w d p + V d +-^{M cr )>\.lAjf- c b w d p 

nrjHfTU5.i2 

yt 

to i c /y t = s b itfimrmi j f t^Qmmns|u^sHsis1rjJirjmm8im{n1 1 
IffiflHlS I c = 70,700m. 4 


c b = 18.84m. 

P e = 308,255 lb 
S b = 3,753 in 3 
r 2 = 187.5m. 2 
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titnssnfjHfm 4.3b RaTsnaraHaialTHtiMiiMmanrnHutimfltminjntiiHmHriiraRa 

V l Li 1 U U 1 r> u 1 


f — — — 

fce A c 


Po ( , ec b A 


1 


V r J 

itfimBiijnnSmiJmpRaimaiBliHti d n = i .5ft 


Sans? 


p 

e = 12.5 + (15-12.5)-^- = 12.62m 
v J 65/2 

12.62x18.84^ 


fce=~ 


308,255 


377 


1 + 


187.5 


= -1,855 psi(f2.8MPa) 


ngmtnjcLn 6.1o, uamtsimBiHtjimiiJnraiimwfigHatiiw w D = 393 pif (5.1 kN / m) H 

,, W D x(l-x ) 393x1. 5(65-1. 5)xl2 ... \ 

M d / 2 = y Z = 2 ~ = 224 ’ 600m - “ Ib(25 AkN .m) 

itiimRaTmaiiJwuiimninuanHitSimaiHHniiTaiTRiaMnMranaBiaiTRiutiHliJtiiRaTma 

lU n <sj v^iU 1 Ui 1 U 

mmtnitnBuiSmiJimuan&iaitRin 

f d = Md ' 2Cb = 224,600 x i 8 - 84 = 60 • 

I c 70,700 

rmtu M cr = 3,753(6 X 1 .0 X V 6,000 + 1,855 - 60) 

= 8,480,872m. - lb(958kN.m) 

V d =W D \--x) = 393\ — -1.5 | = 12,1 83lb(54.2kN) 


W SD = \00plf 
W L =1,100/?// 

Wj; = 1 .2 x 100 + 1 .6 x 1,100 = 1,880 plf 

RHiammHnnjiialTniaHsmmiJtiiunnitiinuBRHBfHBSianniiiJtmRmaTaSiimtiiffitii 

tu 1 U 1 n 1 n U vJ c* 


HffiSi3M max R 

v i =w u 

Si3 = 


(l } 

— x 

U J 


W/jX , 


= 1,880[ — -1.5 | = 58,280/b(259kN) 
V 2 


/, \ 1,880x1.5(65-1.5) .. . ._ . .... \ 

(/ - x) = x 12 = 1,074,420m. - lb(l22kN.m) 

z 2 

tiBIB* V ci = 0.6 X 1.0 J6, 000 X 6 X 36.16 + 12,183 + (8,480,872) 

" 1,074,420 V ’ 

= 482,296lb(54.5kN.m) 

1 .7 Ajffb w d p =1.7x1 .0^6,000 x 6 x 36. 1 6 = 28,569/Z?(l 27 JUV) 


flmcwmtfajnitinmtirrm simemmuitimcu 
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< V ci = 482,296 lb 
tiGlSg V ci = 482,296»(214.5&V) 

2. Web-shear cracking, V cw ( tjtmSSlO ) 
nfJHfTIJ 5.15 

V cw = (3.5jf^ + 0.3f c )b w d p + Vp 

f c = cgc 

= P ^= 308,255 = 818/w/(5.6MP«) 

A c 377 

v„ = !J^tjmintjrjniJRi3Tmi3TiJMSfnnislT?ii3H8fTifi 

y cr\ EuJ U i U U e» U i 

= P e tan 6 

tt3CU 9 tjTHJfnta tendon iTSfitflHffiStiutofi 1 titsSSg 

l u X) m V 

V n = 308,255 ( 15 ~ 12 - 5 L \,9761b(SMN) 
p 65/2x12 v ’ 

titilSg V cw = (3.5^/6,000 + 0.3 x 818)x 6 x 36.16 + 1,976 - 1 14,038/Z?(507klV) 
ISlRUmmiSg web-shear cracking tflSniROmCUtl dtitU V c =V CW = 1 14,03 8/Z?(507k/V) 
|R!tnSl|Ufi3|H1tj?i[lilS11J3R[SSi3) 1 t|tljtJmjtJmHtSgtj1HtUSl3 V c =76,707/^(34 lkN) 
ItJtUSSCUtnsnrdHPnJ 5.4 ttfltil alternative method 1 

u a 1 

nMHfnj5.4 

V, = V ^-V C =(97,216-114,038)//? 

titsisgiRHSfRlmntifimmg sdimcmira v u i(t>>\y c 1 titnsg itl!i3RnjimRsim|fntiJtit3 

simjrnH 

l_V c = 1143)38 = 57,019//>(254kA f )< 97,216/Z?(432kA^) 

tjnturmj v u i(i)>\y c ms <v c Smsg^miiRmiHtjjtjjtmslRiimhhisg 

3. ttinmiHtjjtjjHi c tjunss 6 ) 

ngsiuutin &L6 

^ R|H!mJ= 0 .0077 in? / in. 

titnsg wmtiiTaiiJRRa # 3 , 

V w 

IffiUSSCUtnS A = 2 x 0.1 1 = 0.22m. 2 HR Ell 

u v 
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s = ^ — = 28.94m.(73cm) 
0.0077 v ' 


umuHRimarannanT a„ HuranniiJtiitiiRiHRBtiiainntiBiiiinHniHmatiisitinmH 

Lnj eJ P e-J cu v c* cu Li 


A _ 50b w s 

V fv 




A v = 


Apsfpu s 1^, 


80 f y d p 


tJtsiasnnnHHBtmHHRnnn < 0.75A < 24/n. i infftiRRtiHnn u#3 ttifmnsnnrm 22 in. 

Vim U tJ 

RfinHnjialHnjinjjufJti 84m. nitiiuMBtHgtsialnagmuiiiifi tu.6i 

HsmRMTHinmmtmtJn ctjunssd) TfiJtnBuiiirTiialntiiTjg g.taoi 

1 U U Vju in c* v 



Figure 5.20 Web reinforcement details in Example 5.5. 


Cc.9fs. Design of Web Reinforcement for a PCI Double T-Beam 

nmuitan T gng|HMlHtTJ PCI 12 DT 34 HlSttyn 70/t(21.3m) 1 fun service dead 
load 200p//(29.iUV/OT)ttJimiHUmwmtiRtjntllfilt3n!aH sn service live load W L =720 plf 1 
mrnmitJnnaitJtuinJmnBtJmimi shear cracking laltntiHsmRHramnnaiaiiiia \ift6in. 

(5.3 m) C19|H UfltfiRlUlBl nominal web-shear strength V c ?T1H detailed design method 1 tUlEU 


tnmanmtiMcadnmama smmmtinmtimnj 

/ n ev in cu v 
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PTEU1S1 dowel reinforcement JJJMBIUtritnB T 1 

wnimiHsmnrnftnBflinmialntiiug fi.b® tiiHmsassstfjgnmrfnH: 

a i L»u in c* v i) ct u 


12*-0* 



(a) 

Figure 5.21 Beam geometry in Example 5.5. (a) Section, (b) Elevation. 


Section property 

Pretopped 


978 in. (6310cm 2 ) 

h 

86,072 in. 4 (3.58X1 0 6 cm 

r 2 

88.0 in. 2 (568cm 2 ) 


25.77 in. (65.5cm) 

C, 

8.23 in. (20.9cm) 

s b 

3,340 in. 4 (54,733cm 3 ) 

S‘ 

10,458 in. 3 (171,376cm 3 ) 

W D 

1,019 plf (14,870N/m) 

2 b w 

12.50 in. (32cm) 


g§BtmtijaiBjn: 

f' c (tufliatsmtwiu) =5,ooopsi(34.5MPfl)ranaBHBtiHsn 
/’ cc (rant3rj]]muQiRn{HitiJ8imm) = 3,000 psiiio.iMPa) rantiBHBnHsn 
f' ci = 4,000 psi(27 ,6MPa) 

f pu = 2 7 0 , 000 ps / ( 1 , 8 62 MTV/ ) , low-relaxation steel 
f ps = 240,000 psi (l , 65 5 MPa ) 
f pe =148, OOOpsifa 020MPa) 
e e = 1 1 .38/«.(28.3cm) 
e c = 21 .11 in.(57 ,2cm) 

A„, = strand HtiflSfi l/2/«.(l2.7mm)GSS 18 
f yv = 60,000 psi (4 1 4MPa ) 
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irantHwrmuraiitiraMBfnn siuntii 

UmULiUc? U l n c * V 1 vJlJ 

b w Munn|9Bamiarii =2(4.75 +7.75)/ 2 = i2.5m.(32cm) 1 

Btamsierntn: 

W u = 1 .2(200 + 1,09 1) ■ + 1 .6 x 720 = 2,6 1 5 plf(3 8. 1 5kN / m) 

v u = 2,61 ^ x7Q = 91,525/6 

V n 1S1[RR Ylftfin. rfitilTJWBtH = ^^91,525 x ^ 35 ~ 

= 61, 017/6(27 lkN) 

1. Flexure-shear cracking V ci ( TjUTISSIQ ) 


d p = 34 - 25.77 + 21.77 = 30.0m.(76cm) 


P e = 18x0.153 x 148,000 = 407,592/6(1 8,1766/V) 
e IBlpti \1 ft fin. HS[H= 11.38 + (21.77 -H.38) 17 ^ = 16.58m. 


i|umR[io:H8mnOTR^ijhi[Hiufi[Uim f ce aftf d fltsujunuialnaigRg £ 


f = — — 
he A c 


e c b 

r 2 J 


407,592 f + 16.58x25.77 " 
978 t + 884) , 


= 2,440/75/(1 6.8MPa) 

iTtfRarsnaMaHMiiMBitiiTRiHBrmniJtssriaiTRiH: 

U i U n U i m y U 

(a) IjpRRjtfiia + UBRHBIJBHJ : f c = 0.45/’ c 

(b) ITTJRtiTtnti + TJBRMJTJ ( UJimHBtmHUJimiRBiaTti 33% itltutmmthn transient 

U l U csji l m vJ r> 

load: f c =0.60f' c ) 1 


Qtmitritsismji f r =0A5f r mtfim RfiHBti*fiBntiiiJtijiiMMtiRHiaRimiJniJimMii 

J Et J L & i n m 

f,.„ unjnmHRiRnRHianuRarmtamnrns luimiifimwiiRiiiHurntiimtJUBRtiitiitnB 

J n cu Lj ] Lj ] run u is- <sj 

RlRtlStll!lUfUlJRt5tjll3 0.45 /V 1 tiGtSSltlltiHIS 

UBRtilW W D =1,019/7// 

M W D x(l-x ) 1,019x17.5(70-17.5) ;;12 

17 ' 5 2 2 


5,617,238m. - lb(634kN.m ) 


/* = 


_ 5,617,238x25.77 
I r ~ 86,072 


= 1,682 psi{\ 1 ,6MPa) 


i n nj in cu u 
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2. 


iKwam 


M cr =S b (6Mjj^ +/„-/,) 

= 3,340(6.0 x 1 .0^5,000 + 2,440 - 1,682) 

= 3,948,762m.- /6(4456/V.m) 

IfifilBimiTslIHfiim 6.0 ISlRUfJHfTlJ cracking moment HISmHRQ UJimMinRHIR 
modulus of rupture 7.5 1 ftJMSimmfjJ 7.5 tSlRi3fi3Hfni81i3t(S ISIS cracking 
moment BtitnBKlH 4,303,022 in. -lb HmtifiBtiRIRUBmBBBIUMftiRRtilBlRtiR'lJ 
PTElflSTESS 1 

RinamBiHRimfiJtiiunnitiiriuBtiitiitiin 

EU ^ 1 n <in 

( l \ (10 3 

V d =W D — x =1,019 17.5 =17,833/6 


W SD = 200 plf 
W L - 120 plf 

inaRtiMiRUBRSiaitRiiHRimR 

W v = 1 .2 X 200 + 1 .6 X 720 = 1,392 plf (20. 4kN / m) 


v i =w l 


u 


1 


— X 


f 70 

= 1,392 17.5 | = 24,360/6(1 086/V) 

V 2 


M max =W V X 


1 -X 


1,392x17.5(70-17.5) 


x 12 


= 7,673,400m. - lb($61kN.m) 

V ci =0.6AjT c b w d p +V p +-J^-x{M cr )>l.lA^b w d f 

^ max 


= 0.6 x 1 .0 x y/5,000 x 12.5 x 30.0 + 17,833 - 
= 46, 279/6(20 lkN) 


24,360 

7,673,400 


(3,948,762) 


1 .lA^f~ c b w d p =1.7x1 .0^/5,000 x 12.5 x 30.0 = 45,078/6 < 46,279/6 
EltttSS V~ = 46,279/6 CUti 

v Cl 7 1 

Web-shear cracking, V cw ( tjUtlSSlQ) 

f c c = — = 407,592 = 417 psi(2.9MPa) 
c A c 978 V 

MTHiunflnmTiiuMRinaiTtiRaTflia 

U pi euJ £u U i U 

i 

Vp = P e tan <9 = 407,592 ( 2L77 ~ U - 38 ) = i0,083/6(44.06/V) 

70/2x12 v 7 
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V cw = (3.5A4ff+0.3fXd p +V p 

= (3-5-75,000 + 0.3 x 417)2.5 x 30.0 + 10,083 
= 149,803/Z? S13 V ci = 46,279/Z? 

l m 7J Ct Ov y 


v c = v ci = 46, 2191b 

3 . Himmitififiti (^urissfn-cj) 


IffitiUlS V c = 46, 2191b 

t3t5ts§ -V r = 23,140 lb 

v 2 

v^/^iaiintemn u.5ft n8tH=6i,oi7»>v c >\v c tiBiBMRBitnBfiimBiuJRRin 

tJJMBItJ V u /(/)<V C > ±V C tfiffiiR1I|RH!filtiRRtiHUjmtn 1 

A, HTHjm J= Yu ~ Vc = tyulfi-Vc = 61,017-46,279 
5 U f y d p f y d p 60,000x30.0 


= 0.0082m.' tin. 

UJimifS d = d p = 30.0 in. Sl3 b w = 12.5m. 


\ * J 


^ps f pu 

80 f y d p 



18x0.153 270,000 30.0 


80 60,000x30.0 V 12.5 


0.0080 


tl 


0.75777 = 0.7575,000 = 53 



V S ) min 


53 b w _ 53x12.5 
f y _ 60,000 


0.01 lm. 2 / in. 


titslSS RtHRStiiaiRiaRtHHUTUIBlfflianiR 

V eu V cu eJ 



V s ) min 


0.0080m. 2 /in. = 0.010m. 2 /ft M[Hin|9Bi391t3fil U 0.005m. 2 /ft 


fdjino(9StaHtn 

imRUJTti D5 deformed welded wire fabric HtUtilUJlBIRtinR 10m. RRHHRnslHRl 1 

Ed U U Ll xJ 

RtUlRHSnnRHBuJHIR 0.75/2 < 24m. tiBIBMmtitnB 

1 m v 


0.75/7 = 0.75 x 34 = 25.5m. 

tiBIBS BBUJHJRUjRRti D5 WWF HmtiIRi3HBITMfflUUJltinnBRtmR 10m. RROHRIIBl 

V V UW^wLj 'J 

HRnaitRiaHSRiRiaHmmRuaitiia i 

O U 1 U U 0 


rnmnnsiuMM^mnamd smmmtinmtimm 

1 n nj in eu v 
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tstuntfi ii^mi|ujuii3jnSi[ini*|wiraM|jnu v ci sti v^tslntigmtmnfi g.e> kihsm 
tfitiimuM v ci Mma1iRjiB|H luimtsmBstmain^BigliRRiunniiiiia talinraitirauitHutHra 

rarj V rw mBHtHfiBtjlti tiBUJratlSraiBlntiJTJB tf.9£Tl 1 IRBltnBfflmBl flexure shear v ri sti 
web shear V cw 1 

RHlSnnTgiMTHwmiH[mmKiHmtiiB8iwt3im«tSi[iinHm (Satin ^ tBimti) luimmintiMti 

tJnrmHTMuJttitnBtitJnrfnHialRtiinB tf.9tn itJrautiiranmTHUTHratBWMMiaRHitifnHiuM 

eJUUiJct eJU ct v ui-oU Uu 1 n m 

TsstisnHmtuntmrati i 

U i O o' 

4. millSI dowel steel fiJJHIU full composite section iuCUHIS topping UtSH 2 in. 


daunsgd) |urasmmmaH topping rauiBMBlira pretopped section tsItnrarjTntu i 

H8fnms1{fiti idpfvitiinMBtH 


d p = 30.0 + 2.0 = 32.0 in. 

V u iSl[RtiS{H = 91,525(408^) 

-d= = 1 .33 ft (40cm) 

2 p 2x12 v ’ 


hi 2 = Ylin. = 1.33 ft 

( 35-1 33^ 

V = 91,525 x 

l 35 


V nh ^ 

u <j> 0.75 


88,047/Z?(393£iV) 

= 1 11 ,393lb{522kN) 


b v =12 ft 


b topping 2in. 

nras e i.9d 

V 

C c =0.85 f' cc A top = 0.85x3,000x12x12x2 = 734, 4001 b(3, 261 kN) 
T s = A ps f ps = 18 x 0.153 x 240,000 = 660,960»(2,940/7V) 


<C c = 734,400 lb 

titttSS F h = 660,960^(2,178^) 

l vh = 70 * 12 = 420m.(l, 067cm) 

b v = 144m.(366cm) 

80 b v l vh = 80 x 144 x 420 = 4,838,400^(21,520^) » 660,960 lb 
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IfiHSfHfmi dowel reinforcement uHujBlRIBlRti topping 
2 in. iuHjtjlS full composite action IS 1 tRBBnJHJRHSRlRIBS 
M|jnn flexural, fTWtflU 1 


Ec.9Gc. Brackets and Corbels 

Bracket Si3 corbel til short-haunched cantilever luEUEUffilt5nintl3S1i3JUMMfi3J tJ 

•NJ ^ "VI 

titTntjranaiBHtTBuaRBBnntsiiJtiinB uturrhiumbh i b^ffinmaMSiaraMin^audMrinu 

w- i eJ u <ii i v u ct i U U m U 

i l 

lBBHtjin|tmU. gantry girder Bl3B|Htil^l3IBjniapCiai|^tiudtnR|jmn 1 IURl3I|URl3|ml3 

i 

aaraRatsiRTtmurnJtnBiTutffiairaB smnsisla tihmuifd luimitiitifnaimJaTRJtnawitiMti 

1 Li Lru Li Li vJ C L»u 

!fltm5unmUBRRHil3fTlRBBai3IBlTRtiBTH , l iJBia* RlJMRflRIIJlBI bracket Sti corbel RlBJtfl 

c eu Li Li v *J nj 

urmfnaiRMBiB i MjRmniuMir^auflBitJHtiiinTMmBafniMRnRniiBi atiRiitmtiwiiHaR 

lti i o- U U pi u U n 

i 

B|HIB* 1 

MTU1U bracket Si3 corbel tiHUBjUIUH shear arm uftlltilWRUHIUM corbel tfltfitUS 

U cJ vi o n U 

mamHRBtiia 1.0 tinnBtuRBrauia«mnitmBmnni3Tsni3iuMHi3mBltiiRi3Tmi3riiBiri , i 
tiBias RinBLB^lBimiflimrmiRtintJRlR (shear deformation) StfHISfiSnEmnJ nonlinear stress 
behavior IU M bracket U corbel t3lRt3fiI13R1CltHBnMB StifiJISfnniJS HJimnWMtiRtritiRlR 

■vi ct«v vJ <*, n insu 

RlBIIBitilRHlMBlB 1 Corbel RSMnBHITTjl (deep beam) ItllffiHlSRHiaitlRffilllRltlCUttaJnRH 

su n i ct Li v -t ' iu di ct 

I Si corbel U bracket 1 nHI-dlunSItliSS ulSCI long-term shrinkage Sr3 creep deformation III hi 
BH ItlfORifRJnbtjlirasflTRffnStifitjlljiSiSll bracket 1 

ct ct u Lru n 

tjTStSi MlHITU*mRIlBatiltmUITU8UtTlTI UtilWlUITU8RH1l3RlRMBITBRIBlR (steeply 

V ct Li Li ct Li EuJ vi ct Li ru ie»Li v x J 

inclined pure shear cracks) 1 tfiufms flBlUlSunBIinBIlJtllUaRBBimBHaJRa ItfimnUJHIWBl 
RlBTtiaBianRlHiaBimBRlRRllfia bracket BtittiWMI tiBU&imiBlRaiUB &Ll£)l£](a) 1 BHffififl 

U 1 Li 1 Ct < 3 , U in V Ct u w 

1 

BlUl3uiaiTRtiRlBTtil3Bll3IWIUM bracket Ucorbel HJimUBB8ITR1HIMffiUmmBlR1BMIlM81ti 

c\ U U i vi n i U <* tuJ 

ITRlHIUMfl tiBUUimiBlRtilUB fi.bb(b) 1 BTHl5ltaRlItnmtili3IBtRiaiRl3B1RBTHia8TRjtna 

U V in v ct y U O U ct 1 Li Liu 

1 l 

tiannntsintams g.tata(c) aa (d) *1 bRiriBIRRHIHimrUBjtaiUBiaiiii 1 Bearing failure RH1B 
1 

IRRI§anRlduRIUMraRaiainBiai|RlH concentrated load-bearing plate JUWBIU bearing 
area HSHlSrdH1H1[R{RU^nS 1 


frmanmtmajtinwtimtf sinmMimmtfmnj 
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lalnaitinsiaiTmH itSaaantnnuniiJnMBiBialna corbel u bracket i mitnfiitjwfi 

ct ct U U c* M 

1 1 

HIBtJflUrininiiuJnJHBtnB full anchorage development JTJwftifi 1 



Figure 5.22 Failure patterns, (a) Diagonal shear, (b) Shear friction, (c) Anchor- 
age splitting, (d) Vertical splitting. 

T9MRtnt3fnrif!BR Mremmntsifitnammslfiti Corbel 

U n cu u <$i cu <=* 

i 

Shear Friction Hypothesis for Shear Transfer in Corbels 

Corbel shear crack ISltRiHtitmtfimjmnfiH 

tnBffimiimntifTin I tiUJIBltJ aid fflBtflRB mnRfitnBRHItifnfiMB (pure shear) RlHUli 
urnTimBtfiB i mnSmnBsuinrniHimiuirnfTiBiHBnMiBlnaRinjiiiJtii corbel Hisrmmrustsl 

tuJ o in -o -owct ctLi 

i—i n v ct 



Figure 5.23 Shear-friction reinforcement at crack. 
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ISnHiamfifiRSi (shear friction approach) lalnamnjiiBstnftnaiiinBriuJim ACI tid 

mrirmslrnsras g.tata(b) i irmbrtji uaumtnmg (a-a tsimajus sLlacm t£3tutn?rmstsittu 

corbel iHwiBlinwiiJwftialiJwimBmnnimHiafTiitnfiitiMfi i imtniHHiumnn m utajmtma 
RtntigugtmtiRJTJM well-anchored closed ties I9ltfiRH1tigttoi3HmumTjtolifrjltiRtnti 

nj cu fuJ nj 

mmHn[mBiai|Ri 1 titstas RtntiRlfigttoumjJIJHfll (nominal vertical resisting shear force) 

(5.34a) 


V n = \ffyM 

V n 

fyM 


A f - 


(5.34b) 


UjCU A v j 1jT]Ti^nitiEdJUJUEdiunnl3iun (horizontal anchored closed shear ties) 

RHnamnumTnHRniiBUaiTRi v„ <</>v„ toMTinuraRtsnHm 

nj EVJU i Lj 14, T fl Lj | 


d 


V n <0.2 f' c b w d 


V n < 800 b w d 


V n < 5.6 b w d 


(Sid US) 

ct 

(Sid SI) 


(5.35a) 

(5.35b) 


uJimmnHtmiiniiJtmnaniHHBtiia i inintjnimHRHMTUMBfnnRTHffni d rani corbel 

u cu V n U C3 Liu 

nfdHfTlJ 5.35a TJ b UJimBIRHtmiinilJtllinaRlHntiltilR 1 

■VA V IU 

fdlHltf all-lightweight concrete t! sand-lightweight concretes 1 J £J E~d 13 R HI fci ffl R V,, HS 
|RimaRtH13tili3 (0.2- 0.07a ld)f' c b w d y(800-280 ald)b w d WfjnUfnRUS {5 .6 - 1 .96)b w d 
M|jnU81R S1 1 

TdMSra shear friction reinforcement IT9Rl3HTl5lirimiRRHiaRina91tTlialRl3 shear 

Li Li e*J c? m cs 


friction steel 


V n = A v f f (jj sin a j- + cos a f ) 


(5.35c) 


to a, tflHJflti shear friction reinforcement tfrHGJBtiUljRtntiRlfi 1 TRgmtiJUwftiRfi 

J 1 l) IU IU U vJ <ii 


A ' f = 7 l 


V„ 


jj sin a f + cos a y 


) 


(5.35d) 


IRMBRtslIIMMtiRinaR1R9it3HMIRRinBIlJimtminMMtiialTRtitmHini8lfia corbel 

~«> l n tu in U ot Li 

SiffJfJJ 1 tHdtUl ACI JdfdRHItifnfi u HISRIHuGSlidTRIH: 

1 IU ' IU V Li 
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(concrete cast monolithically) 1.471 

1 ct u ct x j ' 

ranaiflnrainfnuaaiuHaiiJtiiinattiiraH i.oti 

1 U* 1 ^ Li 

ranaiflnitnnfnuaaiunaiiJtiiinaitiHmraH o.6A 

1 1 o, Li 

o.7A 

l t > U U in 

A = 1.0 M|jntftunilBHBBHia 0.85 ft! |H1U sand-lightweight concrete Sl3 0.75 fi3|HimtJRi3 

oHSTfintusitififj i hihpci HnBwnimtMJnmnnBtjitiKtH aci itJtUEinnwmiriiRnti i 

ts Lj tu 8 1 «n. ru 

TUMararaiTUranailMMtiSM (polymer-modified concrete) ISlnfi corbel luHTfOU 

U Uiinn 1 --' c* Ed o 

tiiHmBaiuntiuHsnraMMMi laisintRiiramH u ntiiainnasnnasiiaiw i mmmslfmtfis 

u 1 «* L»U U (U ' c| PJ 

TRfmnTtfmHiiJtiid i 

L>U Li cu 

iminmitinssiuMiiJRuJn a,, BWiHiBlntiuJnmmBitiini luimiRnraimnimtitiJiBl 

cttu VJ V V ** "O Li ofc 

rdturarj a snHRHMiuM corbel tiBUtiimiBlntiiuB g.fadi miHimaiTMmmiJmiJRSitiitii 

yj n ulti-oc«u U 

a s aa|nftnBnjunuiai!tinuB *i 



Figure 5.24 Reinforcement schematic for corbel design by the shear friction 
hypothesis. 


tf.Qtf.S. fi|tlEUfiSltttf3fi8iaturi (Horizontal External Force Effect) 

lalintllflJtlllRBlR corbel U bracket ntiinnJtilHmmBtiMMJ fitinflti ItjimflJtiBJfitriti 

-Ol c* yet 'OlM- v m 

SinittlRfi iV^. ItJtlItnBngHItJtlIt?UJim corbel, tmftJ modified approach 
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fltSl strut theory approach 1 1BlpUfilimffitiHM RtntiUjRIHRim N uc HBHIBBtfitiRfntiRlRIH 
Rimunm v„ ts i tiBtotnBnSrniBlRtiJug iRTfiftfimtiR a„ tmmsustfnHiti n„. 

1 OjJ U v -o c* w L»u /r su Ml 

N„~ 


tacu 


iinm 


\i 


A f - 


#V 

V u a + N U c{h-d) 

tfjd 


(5.36) 

(5.37) 


iRRtRftfimtiR A f v u stiiv uc i 

rihitjm tonBMnmtBlRtiRiJRnflBiHBRiRBTiiti o. 2 v„ ts immssscumH 

EU ML ct 1) V u El J 

|UimR|u!inWIUM|n9pltillJnii3fTlinR Ay (flexural steel area) ItfimMHRlJBpiMttnUWlB 

mnnimmBlintiiBHtnR 


A / - 




<!fjd 


(5.38) 


to M u = V u a + N uc (h-d) Sti^ = 0.75 1 HRjraMHSfnRIlJWMBnMmBlmHmimim 
compression strut tTgfitatnSH P tilHffiStf tension tie A c tiBTrtlirmalRtiJTJ 1 tngiUMURMtiRR 

1 U tn i 7 u o v in -o ex v eii n 





Figure 5.25 Compression strut in corbel. 


mmanmtmtiJtifimtifmt sinmmtintfitimn} 

/ n eu in tv v 
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C c = 0.85 f' c j3 x cb = 


A sT 


SJ y 


V; „ 


(5.39a) 


cos p cos P sin P 

nMHffllBltiltij IHHTCgBWtnBfiHMJTJMTJfi Ac ttJeumiatSiStiSFJttJi JUfj compressive strut 

u n oj 7 t A 

A sfy 


P\C 


0.85/' c £>cos P 


(5.39b) 


RHfjmMSfnn d- &d2co$p naBMuJIumTititUBitiJiinM wifiamna r.Btitrismntiitifi 

n U a ’ i / ct euJ n tj ^ J cn o in w 

CIBlfitilUg fi.bfi *1 utHSo 


jd = d- 


P\C 


2 cos P 

TTIMBraima^BMKIH jd tsl ntiftJH m J 5.38 ISIS 

Lj u cu j c* 


4 - M u 

* 4f x (d -/?jc72cos/?) 


(5.39c) 


(5.40) 


iBHTmnuBmfnitmntiiTa BamifnRTHiiraBiJa mmQnuHmmtmnTmtommrjrmJatSiirirj 

wo- w Li*j Li Li nj Li Li Li ot 


jd tticutnsnfjHfni 5.39c M|jnuRi[mtiiipBgti&iai| j fTiH 


titstSS 


jd = 0.85 d 

. M„ 

A f = 


0-85 ctfyd 

mHiGRtuisi^nmcn a, stitiinttomiinnislntiras fi.be) 


(5.41a) 

(5.41b) 


v in -nj <=* v 


u 


A - I A vf + A; 


A s~ A f + A n 


(5.42) 

(5.43) 


uJimmnHmnmuJtuinBmHntiia *i ustohr 


p = — > 0.04^- 


A 

bd 


fy 


niMBrainMBH a,, tiimgriitiMiuiuMiiJRnaugBn mt3nniatE3cuTfatJis1sl3 a, isis 

Li w» ri u M <ii i m Li j 


A h >0.5(A-A n ) 


(5.44) 
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|n9jllti|9mu (bearing) UJnnBln81tiItRlHUBR81tiItRl V u UJnflBlM bracket HS{infnJtim5ni 
tinnitinmcniH A, ttriffi!lRHST?l!CUffiranintt 381 i 3 Ri 3 rafj transverse welded anchor bar tits 


uiiicnialna ras eJ.taS i 

in -\a <=* D 



Figure 5.26 Reinforcement schematic for corbel design by strut theory. 


eJ.9Cc.fi. tjunstsfmfinjim corbel (Sequence of Corbel Design Steps) 

tJtsiiJtiitnBntununtaitinsujiBH RtnaitiRiHRim N ur RtntiummHfinji v„ sbHHb 

V |J ct ct tu 1 MO cu EVJU 1 M v 

hr [v u a + N uc (h-d)\ Hismntmcorben iBtJmimimitnn tfqnfMRjiRnjim corbel wnm 

susnjsbwfimrRmt 3 uts§nmntiJiJiHtiJfn 

Li ct w c* Li w c* Li Li 

IBlBtiraiflBIBmnmtiMij corbel ThtfimMiillRmnnJtjIHffimStiWfdi URHfi 1 

Li ot u ot m 

i 

(a) tiipnu corbel tt3CUrai3nt3f HCUf ?iHCIItjTHEIISt3rafJ J R[UlB1|fi9Jlldttifi A h TOW 
itJnnaugBmtJtiitJimBlfisfitaiTmHitJngifniH a, i ftiRS* rawftiR A h r 

Li -o j ct tu ft 

tinimtUHRn A_ ItJtlltnBnMHRlI 5.36 ttiEUSUSrisbRHIbitiR N ur 1 

(b) R[lilBltR9pttiltJR A vf «Jim shear friction hypothesis (UMSTO corbel Sbfdfdi 
HBTflJtnBtslRRaintlltilHmRl UJltmtUltiRSSIUMA^ RIHimrRHWITJM corbel 

Lry ct yet Li ot cu VJ n 

BtaitJimRiiBWiHialRtatiiBaraMTRBnitiiuMTMmuitJRsritaitiii 

V l) c* Li vJ <ii Li 


mmansttsMMtinmimtft sinmmtinmtimnj 

I m (V in (V V 


289 


\T.CMun\ 





NPIC 


memtaltinmcnm a, tfiaiRwsraiBlSmtirin minimm a, jntMmiBliWfnntiiuiuM 

U w a v J ] >> Li i 

MAfTlJ 5.42 U 5.43 1 tUMBIUWHRU 5.42 WU IRiyj A s =| A vf + A n IIJimBlimRtoialwro 
|a v/ inftnBnijnmiBliwnHMldiaiiRjiaaA, i yjwBraMHRii 5.43 wu isisa, =A f +A n 
BauiBH \A f ^Jws^nnt3S]4ja^nnausBfiyjms1st3A i nt^tu^JtnsnyjitutsitmymJa 
I d isliRjiaa a, i 

RtiRirinmarii iflngiiniHURBtiiiJRRaugBHtiiminimiiJnMraiiJtu corbel trIrij i 

ct -XJ V 1 Uv 

ItJimtmnHRIBBIBRIItnRinBSltRRimRHBtnBSM ItRmRIlintilBRIIimmmm Sheai- crack 

HiBWRimiHBBnMtiiiMintiJSJiRiimBiiinmiiSMnMmRTRariitiiiJRmiTiiH a. tuntoms 

8 EaJ m Ll U M » ■) 

mHG IlJimHBRRriRinjilBRlIMti corbel tslflTRftnBMtiRaitltUtilHHIBaMMnBIJig 1 

£U L»u Ct u 

liBRimtununBiaiBH UjRRtitJgttoRRtfiBlRWmBIBlfiia corbel ttfj I Sljtss IRRTfli 

V |J l C* V Liu 

mnip^nnausBmysRmsH i 

mi3I[RlHtilfilJTlBlBRlIMRJlR[mBl corbel: 

1. R[mBiRini3utnTnHR[mv„ sHJRBiijgtigtiiBHRiv- raMHSRiRuJimnnmv- >vj<t> 
to (j) = 0.75 niymuyiuRimtuisi iy B /^ riir < 0.20 f' c b w d y < 800 b w d c sir 
US) <5.6 b w d (SIR SI) MTH’ltmJfitigHBBHR'n TtIMBIUHBlJltn*ig IRTfiffllffftiHS 

W ct Li 1 v v* u TJct Lju vJ l 

RiRislyitigyn 

2. RAIISI Ayf =V n /f yJ u luHJOtism shear friction force BtilfSfllBlRtiRlIRimBlUjR 

gitniHSiaiw a. 1 

3. R[UlSiyR9ptyioRJi3mjnfi (flexural steel area) A f BtitR^ltiUjRItiRligimtflGJ 
tilEU (direct tension steel area) A n luCU 

4 _v u a + N uc {h-d) 

f Wjj 


to (j) = 0.90 
S13 


A _ N U C 

A n ~ ir 
#V 


luCU (f) - 0.75 
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4. HimmLnapitSitimH (a) a s = |a v/ + a„ sa (b) a, =A f +a„ uJimmRHmnjnto 
mamHntiiaim uimbiu (a) tuu |a v/ |RftnBijthjritiR 

RtiUBtjRTWUIBlBti A. nflffiTUftfSnTtflffiSEURHfj fd !mi a. So titan mt si na JUS 
ti.btJ'i [uSsra (b) Emnftj iAyUiBHtiifiJRRUBBRiiJtiingJimiaiiWRHM |d irji 
sti a. SGTJianmtsintiJtJS cJ.tae) i sms 

*> U U1 -O C* T) 


A h >0.5{A s -A n ) 

Sti 

4 f ' 

p = ^-> 0 . 04 ^ 
bd / y 


tl 


A smin =0.04^M 

/ V 


5. IfSNffMgtji BtiRtlTlRllJRMIHIU corbel ItJimmRBRBRlJlR^rilMMigllWRinijUB 
StiREUHU tSirarmi corbel ^IpBtnRI^mtmiRIItiiHRIlJRHBtnBpHtRi 1 
JUS fi.bri Utiimn flowchart MTHIURIJRimBIMinH'lTfiJUM corbel 1 

V in -o U U 


eJ.9CJ.ui. Design of a Bracket or Corbel 

99wmif Alt: M^jmansn corbel sB hj juus numj jsusmn v u = 80,oozz>(i60&v ) stisumsiisn 
SSlBHItU a = 5m(l27mm) nStaJUfjfJfJJ *1 Corbel UlSSSfl b = 10in.(254mm) R|Ulfjfi3JU 
h = 1 8in.(457 ww) StfltURHfjTUMSfnn d = Uin.(356mm) 1 SRIHimMHRRHtiBBltilTRlH: 

/' c = 5,000/wi(34.5MPa) SURttSHSUHSTl 
/ v = 60,000 /rs/ (4 1 4MPa) 

MBfitsl corbel TfiJtnBMlttTRimsnnJMMIMlMB UWlJRittnnJtjlHmmBtiWMn SHSttlEUJUM 

v* L*U Li w-vAct u ot tx til 

corbel ffiftilBIBltU 1 


mmanmtmtiJtifimtifmt smmttftfnmtfmnj 

/no/ 1 n tv v 
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Figure 5.27 Flowchart for proportioning corbels. 
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titairnymm: 

tjunai 


y > Yu 80 > 0QQ 

" <f> 0.75 


106,667/Z? 


0.2 f' c b w d = 0.2 x 5,000 x 10 x 14 = 140,000/h > V n 
800 b w d = 800 x 10 x 14 = 1 12,000/h > V n O.K. 

^tms2 


(a) miMijntiintmflHm (monolithic construction) WTH’lUITJntiBHBtiHtTl 

ct W 7 U | t/ W» 


A - 

yf ~ 


106,667 i.270m. 2 (8 19mm 2 ) 


(ff y /u 60,000 x 1 .4 
(b) RIRTIRRtiinElKtijfciRl (nonmonolithic construction) // = 1.0/1 


A vf ~ 


106,6667 


= Ill in? (l 110mm 2 ) 


60,000x1.0 

IJJjMffMHJR A vf nmilJtllinaKtHdtiiaiR titslSS A vf = l Jilin . 2 

i3una3 

itJimtmnRHBiinmmHRHiauJRaiaiTRi N ur ifltmtiinnHiiJtiminriiw ib 

cu fu Lj ml ot 


A f - 


N uc HtfjtJJHI = 0.20V„ = 0.2 x 80,000 = 16,000/h 

M u _ V u a + N uc {h-d) 

tfyjd (ffyjd 

= 80.000x5 + 16.000(18-14) _ 

0.90x60,000(0.85x14) 

N uc 16,000 A 2/oon 2\ 

— — = = 0.356m/ 280mm 

# v 0.75x60,000 v ’ 


(itiHJ jd = 0.$5d) 


■(469mm 2 ) 


A =■ 


tjUnS4 

(a) A, =(|A V/ +A„)= |x 1.777 + 0.356 = 1.541m. 2 

(b) A s = Af + A n = 0.727 + 0.356 = 1 ,083m. 2 

A min = 0.04 = 0.04 x 5,000 x 1 0 x 14 = 0.47m. 2 
imin f y 60,000 

< 1.541m. 2 O.K. 

tiJR A s = 1.541m. 2 (994mm 2 ) 

uJRRtiUBtjfiuJR 
ufimRiim (a) niu 


flmcwmtfajnitinmtirrm simemmuitimcu 
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\A vf = ±1.777 = 0.592m. 2 

A h =0.5(A S -A n )= 0.5(1 .541- -0.356) = 0.593m. 2 
UfitH A h >±A v/ ISISlffititllfi A h =0.593 in. 2 
tfrmB5 IjSwWWBljiuJfi 

(a) A,UJHITttffTlJ = 1.541m. 2 ITU 3#7 = 1.80m. 2 (UjfifanjmBHtinSfl 22mm BBBmBu 

v/ jUu U n is- u 

T HI til A s = 1.161mm 2 ) 

(b) A h ttJtlifnfmi =0.593 in. 2 IJTJUJfifiiatJBtjH 3#3 = 2x3x0.11 = 0.66m. 2 n|i31tUlCURHfii 
|ri = 9.33m. 1 tjtslSi RUnsmiMflR 3m. UJimnnnHnjIBiHfJJ *1 nUtUlfUlSR framing 
3#3 SthuR welded 1#7 1 

utiWHflMIIMUJfilUM bracket THltHBUilUTIIBlniaiUB fi.fart 1 inTHiTHHnBHT 

cu Uw in -Ni ct tJ L»y Ut) u 

1 

bearing area taialnitfTlHtlBfi StiRtlflSl bearing pad ftitll bearing stress I|fnHHin 
UBRIHRim V u BSlChfii ^(0.85/' c Aj) ttitU A ] Ul]TiSJlTU{SSrU (pad area) 1 1tUHUlS 
IHtJimmnUBmilMMti bearing </> = 0.70 
V u = 80,000/h = 0.70(0.85 x 5,000)^ 


At — ■ 


80,000 


= 26 


.9 in. 2 (l 6,8 13mm 2 ) 


0.70x0.85x5,000 

1 [U plate 5 ± m. x 5 ± in. 1 npmrjmrjfl^JtnSFitinSll^ltUmjl plate HBIHlBI8ti|Bti|mm 

islinciiitiusfi v„ 1 


fi .9e). fihTtnfcilHflJ (Torsional Behavior and Strength) 

I U «i 1 o v v 55 ' 

fi.9S.fi. (Introduction) 

nmtnmHEmnfiuisisIma monolithic concrete islinmiScuusmmmntsimiaQHitUHtu 

1 Ll li ct dj C ' Ll tS u 

nHmUinjnmiUMHtimrafaufi 1 BtiBHJUWfiTtntllSim. spandrel beam ItJtllBBUItlBfiimnti. 

On nUUntct U 3 1 u & 8 

canopy UtSuWfilBtiBlBTlBTfitifanJWffllBrTiri monolithic beam IBllWMMJ. peripheral beam 

itltuns^nifiTuituuui MBln^qmtniiifiiaHaRiTfSaufliiJtiiiaHHtiiHtiii uuiamtiiumintu 

tP 1 -o O 1 a nUUn v u V u n 

HIBfitiTtntiffinB 1 tiltUStatU tmHtTUStfillBBHIBIfiflinBIBlintll tantiTSnmHnJBtjlti allow- 

1 Li a ct Li Li 1 Li u 

able serviceabihty limits ItURttUlltfnUiJlR special torsional reinforcement 1 TSl nfcl spandrel 
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Figure 5.28 Corbel reinforcement details (Example 5.7). 


beam tfimwtitBTunBiTRtotris 9iriiBfTii8BBimiJimtmifnnH[iiHatiiM&iaiB iBttranjnniHRri 

n U e» U U n v u n 

miraaitsRRarmaiBTaltTiiainiani^aufl i ms iRRntitMfiaRiniRntiiiMMtiulirawiiRaTRia 

iU vJ^ctUUminwU in 1 U 

i i 

IHtUUJimRlIRimBimiaMHIHJBf torsional reinforcement tntilB 1 

IMBRlBHClRIlluaiBRRaTHiaiHtllTRitjlUlSHfi basic elastic behavior ISHSfTlfifiJIHm 

n n i U u Uu n i no 

utstflHSfTlfiJi3i3 UHSRIRBRIRlim 1 BHrafitifllRtlBBUJWItiBiRIJJHnJHlBHSRIfiBRtRlim 

VI & "v* 1 1 <=* 1 Li VI) 1 1 

tjigSIUlJtlfi HSRlRBlBEinUtJBtjlBHHRn T BtiBHHRII L 1 im*U^IRRTHlTtfH8RlRIi3laiBlRa 

1 SUllctvJ ctvj Ll Ll 1 CS'C* 

MimtiiuRaRuJim RinitunutmaMiaunRiiiHwiBlRaHSRiRiatiTRftnBiTutiiRiiiniiBitffiatiiri 

1 U 8 tJ <=* 1 c* L»U U h 

torsional behavior tSHSfnfi^ tStSjfl 1 

RtiTRItiRHItiRimWBtitiniRnmB shear strain tflHffiSia shear modulus tBlTRl3RUBIH9Tl 

I Li cu 1 u Li i*J 

MBIBlRtiHSRlfiJtitS 1 tiBRtiRIim flexure RtiTHIlaMBIHITRIBlBaBHimraMfltlHRIlijiR ( HRJ 

cJi ot i c=» 7 j ot l Lj Li t/ \J O 

R'lRiriHBfiJTJMitiij) immHismHHBujfmsihinrdSimrRi i mwsra rtfifmsHSfrmrafj 

IS- c? ru Li Li ] 


fnmanmuSMitfimtimft smmmtinmtimnj 

/ in a/ t 61 cu u 
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Han. J = ot- 4 / 2 tj1HHi3SQtUfnnmCUJ (polar moment of inertia) 3ti v te tfiRtitflitifTlfiIH9pWB 
(elastic shearing stress) IStUUtUlltlJHRnHHamtlJtHSJlMa T e tSIS 


iHlinwiiJtiiHaHHSfnHiatiinHHianimsTBtiTffim HmiuMMaiiauTimalinnfntiTHti 

n 1 0 u u u i w ou 

tiitinn fnmaHMialnaHsmHRinfifnniHtiliJi (Hama warping) iuim?nntfimHtiB|piBjuBti 
nnn ii^mimiHanliJniHiaHsrnnHtiitiiuiBHinfTiitiitiinniirtnMB RtiTRitiialitiHtititnwBBiti 

O n i v ei 0 8 m i U 0 eu & 

irnityiuiSHHianiHitsi laiinnifflWRarmaMtiiBianaiBiHiatiinimrtiiiHariMtiiBiifffm tits 

U n nj ] l_i ct cx 8 vJ <i» vJ v 

tmcmslrniras tsItnmitimHsmfisitiHmmramwMts. b = o nlimnmmtfnHitfmei 

-oc*U 1 Timcu^ lUtu 



(b) 


ttSCU v tf 1^na[fnanHiamfiHrJH1H1[fl (nonlinear shear stress) iltlJTlEUHRn ultimate twisting 
moment T p 1 ( HnjJ / HIS SOI failure) 1 

lainaHSfnntiRifnnii unmmmmsmRtmimRfmmmmssjmnmhh utiHsmniSHia 

cti 1 in u a -o 0 mi 

warping ttilffifdlJ applied torsional moment 1 HHtiia8UlSnna|mamHHRJRgB^Ra{ma 
circumferential shear stresses IliWBIBRtHMBnaiTRiaTtiaiRaraMHSfTin atiTRi3BTUtjBHB 

nivtJUU] 1 Lj Lj 1 

lUMBRirrum itfimBiaRtHHRuiinialTRtiliinnnjntiiiaTtiama tiBuinmialnaiuB ft. mo i mi 

1 cu U ct n U 1 v in « u 1 

|HiaRmafTlRIlJimwiIfTinHtlIHRUIin (maximum torsional shearing stress) BtilRfifflBIBltRij 
BimBmuntu ash b iBBuiBtiiaiRiuMHsmR “i mnMRtmtTiiasuiaHiwfnntiimMaiiJtiiHs 

in 1 -+ o- n 1 

mmufitiinnH samRanunarmaHsmstjirdHinriJiBHm (homogeneous) ntiiftnniriMwiB 
(isotropic) !iJ[mBiinmfifitnRtiiSRinHaRnjiR‘59n!iJ[iiinatiimm:MTRRiJBH8fnRiati *i 

v L 7 0 nun eJ 8 1 U v 1 c? 

Raim:intlltiia nlosn mjlfflRHHtiJHEU (torsional analysis) JUMHtiflIUfitiElimtij (1) 

ct ct u w J ' n 1 v/ 

classical theory IBIH9TlMB!lJtlItnBUlSRI9TaRlHim:iUHBR[mR‘J9niHtilHmaa membrane 
analogy verification (St.-Venant’s) H (2) [ScdfTlfdii (theory of plasticity) ttitmtUlSIttiltlJ sand- 
heap analogy (Nadal’s) 1 1RHBiRpMmiani^mMMialRamBmriiaiHtllMg (pure torsion) 1 

ms iRiRrarnRiHim:rniniimBtsiT9MiH9riMBHauinrnTRUTRiBMTHinrniBMimmBmi3MTRR 

in "O U n \d & 'o l_i Lj Li vJ 1 Li 

BiRarRiaiainaraRaiiJtiiiarTmHtiiMBi tJBiBsiRiRRSfntsifnnBmiiuMiuRairmHHiriHHti 

TllU cti u I <3 t) 0 iU v 
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Figure 5.29 Torsional stress distribution through circular section. 



Figure 5.30 Pure torsional stress distribution in a rectangular section. 


li.9S.8.fnnHtUft3gi3lRt3Hi3mURtiM9 

w l ©» n l l ©» 

Pure Torsion in Plain Concrete Elements 

v ct n vJ a 

Torsion in Elastic Materials 

tslfitiiai 1853 St.-Venant tnBUtntnfitlimsTftnmiHtmHSriMtillJtlltnB warping ttitu 

ctct i/i-o Lj u vJ 

tmmtijnmrjHtijenstStiJtnfrmstsImaHsmrrHstHSjaa i tslssn 1903 Pranti tnsumrmtijfinr 

n u l e» ct i c* c* U 


mmanmtmtiJtifimtimf sinmmtinmtimm 

/no/ i n tv v 
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MBlBIBIUHBnnjiHJBnuJim membran analogy model 1 niIB8UlSmmi3UJimH1B9Bin8Bi3lfli3 

v n eJ C3 - / v n vJ 

deflected surface ITJM loaded membran SflmnUfllQRRfltmmslRflJtnnoflJlflHHflnfi 1 JUS 

1 U Ct v V 

fi.m® Uflinin membrane analogy behavior M|H1tiS|Hl3RRfR1[UlR§RljlS|Hl3HRjJ L 1 


M{HTORtRft[gfl{mffiRts MHmilltiiSlMJWIUM deflected membrane surface BIS 9 [HR 
SRRisflMHRintlnjRnbRRijnTfliffiRflTRimwHgRiRrafjjfnnoCUJflHHflnRi titsRi itSflrmnifsn 

v ct U 1 U 1 V TJ Ct 'O 

(1) USTRtisiSlSfl contour line IBlpUBUJlBIUM deflected membrane 

R1R iSlTRttHSRIRTRfflTiS membrane tjimMtiltitllltiR'WHtin (2) tiTHlfhHRUJHimrd 

U i U ct n w v U 

membran tSl[Rm3[UlGmtfHfdfdH1H1{mslitf^ 


t iSlTRflROntilRlRIiSiRflHflR tfimwti HAtU ( 3 ) 

U i Lru ct ot ri n 

HHflmfUlt3nJHflRfjimfi3flJflRfiJHlHlTRtSinJtimSH1^1Si81flnR1H deflected membrane 1 

V u n n U U 

IRHIQtmininraS &LcnO Sfl S.CT19(b) tfl torsional shearing stress R{tnfdfdH1H1(ms1Stf 


GHlffitsiSIS contour lines 1 ISIRlSlRtjR RflTRIflRlSiRRttlCUSlifriffiHISRlJfiJStflSitlCUfnsnflJ 

at O i Lj ctn U 

torsional shearing stress HRflJHliRRHlSiSl|Rt3igRR[UTlCUtS^i3i!i3rafj 


GRtRIOM Cl membrane analogy 

Rfl|R1flHRflJH1|R!lRMH1H1|RlSlSflfj^H1f01SJfj1flmtSflS1RtJi [RflGtUlGA Stt B 1 

|tJMSra 8 fjlilnJlfdSHRtJJHltS membrane HtJS1RtjifSl|Ri3GtlilG A IBlHlimtlJR'UIin 
BEUtflSISlHRISG SflTSMJtJfj St.-Venant 

V ct U n 


8 = b 2 G0 


(5.45 a) 


UJtU G til Sheai- modulus Sfl tfti'lHJHfU (angle of twist) 1 UIB v r ( max) WHlB1[fns1Stiti[HlEU 
JUMUBIHU* tiGiSS 

V 


v f(max) 


= k x bce 


(5.45b) 


ttiEU ikjtilKIHItsn HHflJHCU (torsional moment) IlJW|Hf|pMinin|HIBiBi3nilJaiBing!lJniIBl 
n81flV[RlH membrane 

T e a2^8bh) = k 2 8bh 


(5.45c) 


UJtU k 2 tilHlHttjJ 1 BBlifllSfR 

^ m m u U 

T e = k 3 b 3 hG0 
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Horizontal 
tangent |/,adl 



(d) 


Figure 5.31 Membrane analogy in elastic pure torsion, (a) Membrane under 
pressure, (b) Contours in a real beam or in a membrane, (c) L-section. (d) Rec- 
tangular section. 


ttfEU kn tflHlHtts1 1 nfdHfnJ 5.45a Si3 b 

nj 

T b T b 


(5.45d) 


mmua kb 3 h tilHHtiSQtlJfnnmtm (polar moment of inemertia) J { JTJMHSfTlR 1 itfltmfUjU 
mfufiJHfnns8is1st3MHfnj (a) MTHiuHgmRJlititJtiinisIfnntlijEritsfdHfrijmanj tcumcuiatR 

U U i c in ii 7j 

rafitUl k MUmUH8mRi3RtfTl[UlttlCuB?1tJmCU shear strain ttitUtltUllCUn warping 1 ramtsfdnfiJi 
MHfni 5.45d ^t581l3i|fnH 


v,(m “ ) kb 2 h 


(5.46) 


IFiR5TlijfiJnfiJJtj1Rt3T?fli3iSiTPit3‘LJtiiSl31i3fit3H8fTlfi ^1ffiQmmndiTrj?1Ri3Ji3i3itlCUHlSSiri.r Sti 

] Li Li tu c* ] ] c* o 

V itinixtilTtitiln titsiSS 

Li | m is 


mmn/ismMMbnwtmvf sbtmMtsrnntsmny 
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( 5 . 47 ) 


tsinamnfu membrane analogy approach IPi[?ilh[llfl nl torsional shear stress ^IfjyjnQtUlQ 

HmifflBiiiiBHmiBtnsTiHaiiinimifRniJtimtimaaHRiAB tslnaras g.m® ufimtmimitiiMui 

i) l u U r> tJ ^ vJ cty tun 

tj|HlCUJtJfj analogous membrane S tl rfl J t nl '[U ]jj"i f 43 n tin S7 torsional shear stress 1 

H9e). 8.2. fnnHtUt3lRt3MtnJ:t31Mt3 

w «=* n lu «s« 

Torsion in Plastic Materials 

titntiwtnsujununmmnj plastic sand-heap analogy titiimiiimmrimiinrniiuMtmitnn 
UJWHlBWfinJUTWHJ (brittle element) lJtitiltiSHranl3!lJtlIiamiIHtlIM9maiRTtnMtiia elastic 
analogy i HHiiiHtiiRMtntnTSitBlaiJciitiUtaHigtalritTmHnaRsnH i ras ti.mbuuimriRina 

VI) Li ' U 7J vJ v Ln-OTJCA 

1 

uti stimmsnkmufjnsRsriG *i HHiimcu T n islnianifi (d) lUMiuMtntnraiBlatifimatatng 

nj V <=* i)\Jvu/- ,c ^ c * V Li 

lUMtiBRsnBtiKtrnimiiJtmiiJirTiialnattiR (b) sti (c) i itnaHitsiiSnitsitiTmwraMTtiainBRsnB 

v i o* ot vy v ' ~oU U i v \J 

lu£U|1nltnsB?itjl torsional shear stress HI B Sit Hits! tSlRv3 sand-heap analogy approach l?lfl 
t|H|ytlJtSlRi3 membrane analogy approach 1 






b 


(0 


(d) 


Figure 5.32 Sand-heap analogy in plastic pure torsion, (a) Sand-heap L-section. 
(b) Sand-heap rectangular section, (c) Plan of rectangular section, (d) Torsional 
shear stress. 
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Cc.9c).S.ni. Sand-Heap Analogy Applied to L-Beam 

HaHranafnmraBiiJtiiiafTUiHtmraatiiHSfnHtiJtiitnBtmu luimtiinHtniraBtiinHHS 

n 1 U u U i su ^ Lj c* i 

fnsmrm l iilnitinmaiiftmSHSiaiTrTliBRTintiisiin i SHHsmnHmi l islnaraa a.mm 

O \J vJ ct Li Li 3 ot 1 O ct y 

THitnBIRWMMTinUHBfH plastic sand-heap apperoach iBmnimRHtHWBmnHHljlHnJ 3t3 

Liu Li 1 n a 1 1 1 W cu V U 

fitiTmtifitntimmtiwfiTSiiiti i 

1 U tu Liu 

C1SR8J1G (sand heap) fRftnBUnJfftjltngU 

v x = nnHntannmtiiHimniafnu = yfil/3 
v 2 =!gR|fiMiB|9Bi3!iJniR[imt3immni3Bmm[mmi3 = yib w (h-b w )/2 
v, = TnMiiJniRnintiiHimtmuiuMnH!iJniMifl1it5!tinPD/ isItftiiiVQM 

3 Lj (u ct c* 

= y 2 h f {b ~b w )l 2 



(a) 



Figure 5.33 Sand-heap analogy of flanged section, (a) Sand heap on L-shaped 
cross section, (b) Composite pyramid from web (1/,). (c) Tent segment from web 
(ty. (d) Transformed tent of beam flange (V 3 ). 


mmansitsMMtirtmimtfi stitmmtinmtimnj 

1 n iu in tv u 
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HHtimnjMHiHiTmsIsanjtimsHi^rarjnsRgnQ tisias 

V V Li V o V 

y\ b l , y\ b w ( h ~ h w ) , y 2,t f ( b ~K) 


T - 

p - 


torsional shear stress RMHlH1|ms1Sl3tjTHlCUmrjnSR8nG E3t5tS§ 

U U V O V 

_ V ,K 


y i 


?2 


Vt h f 


(5.48) 


(5.49) 

(5.50) 


(5.51) 


lUlffi^Sfil.V! Si3 y 2 nfJHfTIJ 5.49 St3 5.50 igiRDfJHfTU 5.48 IffititilS 

i 

T j 

|UMaraiMt3Rfnnmn aiammui3iuMMHrni5.5i tfintiisti (b w hf tmiitna 

= T p h/{b w hf 

Vf(max) \t{3-b„/h)]+±(h f /b w )l{b/h-b w /h) 

tuMBraiRMBRtji QtiimmuaiainaMHrrma* Bti7 £ =c t /(b w hf im*MHmi&iait5aammtii 

T h 

A(ma x)="f- (5.52b) 


(5.52a) 


ttitu j f tiiHHtiatsnimnmtuiMHHtiifiJtiiHBRHaiBlaanaiuMHSfnnnH *i QtimtriMHfnj 5.52b 

JZ, D V V ) 1 ct 

inB9|HS|MIlJja|ni9lBaMHfTlI 5.45d H membrane analogy IwmtlIt3HlHIUMfnmUti8M|n 1 


innintiHainMHfni 5.52a MTHiuHSRifiBfiiRiiimtfiHnjriffl h f = o i 

in U i i J 

innTRf99tiitmtiitia!iJitsiraRaHaiHatiiMim:tnMt3fimBi*i9 tiBiBmwMiiJHtmjiRfwa 

Uuun i n cu u- v inu n 

IUMH8RlfirafitiW9HlBfitHWfiialBIBl*lfltifiIHtB membrane analogy BtifitHIB sand-heap 

1 l i rP cu «>. tu su eu A 


analogy 1 

IRRHlBWnwiMHRlI 5.52b itflHJRimfilinm T p = T c til nominal torsional strength 

juwHSRitimjfitiMg = v tc itiimi|U9HRMiTn!tinn|nitiim aci ftitu 


T c =k 2 b 2 hv tc (5.53a) 

S T c =k 2 x 2 yv tc 
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tticu x ^gtnntitiitiiRiuMHsrnnBmrnim i 

V 1 1 

imnBmfi k ? =1/3 1 mmsstnsHnnmj 

niWIBIBina skew-bending theory JUMlUHllMB 1 IHtnBnnflHBJfi 6^ff psi(o.5^[ffMPa) 

1 uJitmraiHmmmHuam 

su i r> u i an u Ui «>» 

2.5 M|jnUWlHI|TI*fiyi3 torsional load v tc = 2A^ff psi(o.2^JJfMPa) 

=1/3 tsi RtifdBfTlI 5.53 IffitiSSEUtilS 

T c =0.SJffx 2 y (SIR US) (5.54a) 

T c = 0.066y[ffx 2 y ( 81 Pi IS ) 

ttJcu x tiiTtiastiiaimuMHSfriHiiRirnnjniHmmmHnam 2.5 raftnaiTuiBHTBUBtiiaafigntii 

U 1 cu 11 1 Liu U Ed d 

HHtinmtiwinBiRfltnB 1 

V 

TUMBraHsmnmBnaHmiT unanniiL ininBuiuRmBriititiiudnaBmmnjmBiai 

U 1 O-vaO U vJ c* (H 1 V 

miras fi.mts tutu 

Ct V 

T c =0.8jffi:x 2 y ( SIR US) (5.54b) 

T c = 0.06677V I x ^y ( §1fi IS ) 



Figure 5.34 Component rectangles for calculation of T c . 


/no/ l n at u 
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v «* n i i L» i U 

Torsion in Reinforced and Prestressed Concrete Elements 

miiHninTHaaiRHinBialnain^auflraHaiiJtiiHaitifniriH stiRBiiJR'iRnjnM i minfu 

U Li ct Li U n i m U 

nuna!tin&iaiwtiWBJMnn[mraumiaRi 3 fTiiB[iiiHiuMraHi 3 Mgiaini 3 H 3 rnmBHT 9 ugtii!tiR 8 * 

etc* n y m U Li ct y u l l e» ct ] &J ct m 

l i l 

tBUBifitirmtiuJtmMfiHitiiHtiJ RtnamuHRi hhia msi stinHitacifn nannuimmreB cus- 

O i Li mum O m m ct Li rP 

mniuMranaMBiiJtiiBUBtiifniiHtmaiintiiiiJtiitfitiiHmaauBniJtBinBHiBnmHBtiia islincu 

lie* u VJ u «* m V 

i fistas mrnJiJimiJmamiiHtii (torsional 

Vl) u 1 V «=* V Uy u ' 

rein-forcement) lBm9U9WBtiHHl3IHtlJn 1 

w V u 

minuumnimtillJRinHUIimim (longitudinal reinforcement) SttiltiRfnHSStf (tran- 
sverse reinforcement) l3mmimi!tin88IUMHHtilHWUlJl[TlBJinHSlBinl3MBIBRinl3 SttHHii 

w ct m v u in mu i vt ct i m v 

tSlRtiHBR'lfll TilMSra 

ct ] U 

T„ = nominal torsional resistance MIUBItnBIBHBR'in itJlffiJHtJmCUSIllttlR 


T, = nominal torsional resistance JUfjlUfUffiJS 

L 1 l o 


T, = torsional resistance JUftliun 


ISIS 


T = T + T 

x n ± c ^ ± s 


( 5 . 55 ) 


intnBiMimaBJrgMtiiiiBBfntiinRBSMHJmHBi T 9 Mgi 9 l!iJtiiBi 3 uauniBlgiB 8 itiimgi 

ct vJ y U n U m u ] U n y in n 

ltd (a) shew bending theory, (b) space truss analogy theory, (c) compression field theory Si3 


(d) plasticity equilibrium truss theory 1 IfUrufUfcl skew bending theory It? HI [SfditajvitGjnn 
t?muniuiIRHil 3 Rin (shear flow) IBlRl 3 H 8 R 1 RTUHUraiUTll 3 tiltnmHRl 3 R 1 IR[mRnMMtilHtlI 

v m v 7 ct i U Li ict i n u 

JtJMHSR'lfifi'lS BtiH 8 R 1 RtUIUTU 3 1 


g.sri.R. Skew-Bending Theory 

Skew-bending theory HiIlJnfnWH?inRtJ11j[Si3pffi81flRflrafjfdStS transverse warped 
surface HIHtmunmBH “1 ttotiT9MtB*TKJtnBlMI9TlHtJim Lessig ItJimtjlTJBTJB'ratnBR'lJBtlJJH 
Cl Collin, Hsu, Zia, Gesund, Mattock Si3 Elfgren 1 

Failure surface IUMH8R1RBHllJtlIIl3HHtinR (bending moment) M u ISllfiiRJlfnnntJ 
IMITRimintlliaRlinR iJBUhimiBlRaiUg ti.mtf(a) 1 TUMBIUHHljlHllJ (torsional moment) T„ 

«t> Li V in ~o ct y v 'Li y u 7 U 

BtiiaWMMtilUMHBRIR tmHITU«RRHlBIBllWTtil3UIUMH8R1RBH ItflmRtiTHItiMtimRRtnB 

in i ct U U i i ct i U n 
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i;s1i;S^R8grarjTtit3susfnHm[imtuaH 5 nSimriJirasRmtuusjuifi tJcurmsRimsItncutnR. 

os cu U i i) n c* w n v ^ 

skewed failure surface !RRt9Ji3tultIIfirinJSJiS torsional moment T u SR bending moment M u 1 
HRIimHJUW skewed surface SRlfaiSmslRRnJS C^Cn^(b) tREUROTlR SlRtlSfdRRlCURTRRiSfRnRffi 

\J <2\ V Ct V x ' V n Li lJ 

SRHISB g'tilHffiSRHSRIRURifclfn 

i u 1 tu 




Figure 5.35 Skew bending due to torsion, (a) Bending before twist, (b) Bending 
and torsion. 


BSSRims SlRlRRRlHtimjntB SRlRRRRBsBRHSfnSRCUJHffilRfd81SlSlRR torsional 

l U n v v 

stiffness rafdH8R1RiS 1 lSitaRRinJISR1JRlRBSRl|RltIJinCUl|iJi RinlR|fTini (stiffness) Jtlfd 
HSRlRTRlfilSRlRtJSffi tffs torsional resistance mfdllTRlWStRStslRffilRSlRlRlffimTMtlJtSl 
BRtmrum BRRijraRiBRiBitiRtnnjnm sriRrrrusBr t iRHiGsswtnsuwfdRmwmsHusG 

n u l ci u n 

BSRnUMMmsraRRfdSlSlRRRHSICUiRiRUmRRmamffi SRliRRRR 1 

n in i i tP <=* <=* U n 

Skew-bending theory RRRUSfdRRHISRHfihtin IRMBHtilimHlTUSiallWltiSriamau 

J n n v^bctU <in 


ItlCUlSlfdCUrarjHSRIRnCUlM nRffilRRRRtSiTRmtalSliSSCURBlRmcmsIinCUnilS mimujR 

1 Li <in u tu -\j Li 

BltUnffiiJlHtlJSRraRRStjsCUSfRHlRRIRRIHJffi: dowel action 1 JUS tf.tTle>(a) BRlHinRHlR 

nu l v cu v in cu 

ititmOHiniW skewly bent plane 1 nuiIR'inmBlfiRJTJB ti.tTlS(b) IHimUMfdRRHlRRlR F r Jtlfii 

c=» J 1 i ct v i n cu l 


mmansttsMMtinmimtft sinmmtinmtimnj 

I m (V in ev u 
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lUfiti. RH113 T r lUMIlJRnUimmMRH (active longitudinal steel bar) IBlnanuaMtiR St3C r 

1 EU J_, 61 v o ' ot n L 

mnanRManiiHsm 

tu tu n 



Figure 5.36 Forces on the skew-bent planes, (a) All forces acting on skew plane 
at failure, (b) Vector forces on compression zone. 


HHtiJBtU T r h resisting shearing force F r THftnBUlSnuJimttiunMi3Ramaini3IUB 

V u L 0 ° CUu n ni n v a v 

i i 

Cc.fTle) (a) R 


r ^ — xtE3iinri3mrjJimtunfnt3F v tsiRt3m 

cos 45° " J u 

U T c = V2F c (0.8x) (5.56a) 


ttJcu x tiiTtiastiiaiRiuMHsmRnH “i minitmntiiiraaiBHTfiiinR itJuitiinarRianaiuMraRa 

U] nj | ct Li &J t | u ct i 


ifjJSti kiyj f' c Sr3 geometrical torsional constant JUfJHSfflR k 2 x z y I{3«nmWHfTU8'li3IHJ 


mratii 
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T c =^x 2 y4f\ (5.56b) 

yl X 

e£.9Cts. Skew-Bending Theory 

Space truss analogy theory Rausch BiattmHJHfitnBfTlIBtlJ 

IHUJlHI Lampert, Collin, Hsu, Thulirman, Elfgren StiHRtllSigjR 1 |5t5lB8||tftnBl5 ^HltUfTIS 
!n|UIMn§a!tsHigjRUJim Rabbat Stt Collins tffittu variable angle space truss 1 

Hse tnBIfiJBfffmijJflti equilibrium, compatibility St3 softened constitutive law JUfifttl 
RaiHimiBl^TBMlRHmiiJwHitiiinmintiiBwiBtnBBfmHRinamR BaninaiHtiiraMnHfTiB 

i U n w ^ v cu cu suuct 

mrd^nmStiJHiQSScijmRtns i imtmmtmrimn shear flow tBHjumRssiRssflrdHrnrrd]]mu 
CUSflRHIflRIR 1 Space truss analogy ^m?lJni|RitnBI|UIBlRi3miMnfin[mBl shear-resisting 
stirrup ItiWIBlntilBl* diagonal tension crack |RftnB9U9nhlJlBIIlJnRi3IBiin[lIllJtllfltjlUlSH 
iRRtsffl 1 UftmH’lIJTJntiHBIBlritiTJij (nonplanar shape) rardHSRIR^tlJUthlltlJnHHflmtlJ, 

vJ v c*ni XA 1 7 i r\ v u 

i 

space truss ItjRJtaJl^flltflffihflntjRRfllRJtnSlItJtjl diagonal tension members iUlUJ idealized 
concrete strips UjCUHIS variable angle 0 Jflfl nTI Hi [U S [Ri Ql S I ’[tl'ud compression members 

(struts) tiBuiiirmalntinjg fi.tnrii 

x v in -o ct v 

i 

mMBRIBlni3TgMIB8tslBHraRl3Il3RaTR1l3IHtmSfniTMUJfamBa thin-walled box 

c* Li n ct 1 1 Li u c> Li U ct 

ItlCUHIS shear flow tth ISlRfl wall cross section itfimuiSfiHHtSIHtmts1 1 milTH hollow- 

ct n v u Li 

walled section tiltimnTUHSmRRlB IlhmimilRinBtiniJlCTltlfTliggtlltnBtiirilMMBi ultimate 

Li i in -o t) v 

torsional moment TMltiftiffl raMSraRTHlfdflmiflHSlMfllSlSIS 1 fniMBthBraUIBMfifiI9TtiIBl 

Li U c* Li Li u* n ct es vJ 

intutaminitmBUhlCTlTsl torsional strength rafdHSRIRRIStanSTflnUMfiJmSTSflttlRRflflsBR 

in -o l O vJ i n U i 

luRJfllflRt9TfllultIJluRtJl[irTltIJ SflluRSSfl idealized concrete inclined compression strut 

n vJ n 1 

ISlRAflflramtfnfimstt I Compression strut tilBntmURaiT9RBIB1*WlHini8ig1ni3IUg tf.mri 1 

Ct EU UV U 1 lJ i Li eii Li cx y 

CEB-FIP code Rlffinw space truss model 1 ISlRfl code IB*. IRffiRRTHlfdflmiflTtJMS- 

A cx Li M- Li O 

mniuMBHruiunaiMBa ± D n liJtii D.^HanSRraMiatiBilRnaBRifnimiiJtiimmiJRuininm 

ctU v* u tzfiw- o ct] ty gi 

ti D n = x„ isiRflras EJ.mri i tiiwitiu HfRHiBiuMMtiiHBinBrigntiiiJtijiiMMtiiuMHamiJtii 

•vi Cf U ct y 8 n cx & in n 

lamilHtmg 1 titstSS IHJnB99HJmfi space truss analogy approach UJwnnnWHSmRUJIimti 1 


mitmnmtiMMijnmtimfi stftmfiitfnmtfmnj 

I m a/ in tv u 
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F * tensile force in each longitudinal bar 
c, = inclined compressive force on horizontal side 
c y ■ inclined compressive force on vertical side 
rt = shear flow force per unit length of wall 


Figure 5.37 Forces on hollow-box concrete surface by truss analogy. 


&9Ctn. Compression Field Theory 

IRRRIjI compression field theory til R J tin H t fd fd J U fd general truss model theory 1 
Elfgren tnSlfdlfljtiSl compression field luHjnntllisintJ^tS plasticity truss model ttifd|jnffns 
ITtrnaintmiBUTBiaina European Code tuira Collin nig Mitchell tnBtnWH^tfrBMtfimiflnSTti 

l_j ofc IS- Wet ot 1 C ot vJ 

1 1 1 

BJmfiTtaBtintunutiinBUBlth HtT9H e IS diagonal crack IBlntiJTJ9 tf.tnri d compression 

v eJ U n * ib 0 c* v 1 

strut mSIS diagonal crack RHSfpSH 45° CdtS msmdCUdRnmtiSRtlhmtiCUPlinSttirafd 
longitudinal tension steel Si3 transverse torsional web steel (inclined or vertical closed 
strirrups or ties) 1 JUS tf.tntf Ut3imnminmti[dtilRHlt3m[dTHl3tnSSmtiim tangential 
component JtJfd diagonal compression strut ttJtdUItifi shear flow q tSl‘^C71UJHT[fi 1 
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(a) Cracked beam in torsion 


Diagonal compressive 
stresses acting at angle 9 



Figure 5.38 Compression field truss model by Collins and Mitchell. 


itflffifdSfitjl rantiH3ItiRtritimmiTmmintHlTU8 luim torsional shear TfiftnBBUUJim 

1 ill MU Li Lru 

tuSIS diagonal compression strut tPT3T1‘HRCinFTHt‘[S?i 6 Jtlfd strut ISStfl 

tan 2 6 = g/ + £d (5.57) 

S t + £ d 

iuCU £/ = longitudinal tensile strain iSl ntliuniH A 

£ t = transverse tensile strain iSl ntU tiliiun B 
£ d = diagonal compression strain 

mHiQSstutnsTRemti a, shear flow a tin 

U Li vJ U <zx 1} e»l "0 ' 

\,=A oh -\Ph (5-58) 


mmnnmtiMMijnmtimti smmmtinmtimni 

i n nj in cu u 
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uJtu A oh = hoop 

p h = mm|niuM hoop ttfimnnmfifftHHRjnjw hoop 

a n = RHfikjRfJftfi ( utsfllSflRHfj a mflftjfiBmmnJlWHHnjtolti flexure) 

o n nj n u <=* n cui v 



Figure 5.39 Effective thickness f d and compression block depth a 0 . 

RTHiMfjnfiflfiJHHcu iBimsmHrrmGHttSciiTiamTTHciimftnBtJinmisiniaTtTs ^.cn^ 

U uy y U cx ct u Liu U1 -o c* u 

ttnmfiHM a„ JflfjtJRriJi3fiTRftnSR[Ul?ifSiRflMHfriJ5.61 1 

n tf ni n Lru <=* 
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Diagonal torsional crack Ryt5 exposed transverse ties t ^jTI tin Cl Eh Pi [HI f di U fi tl nl i C1T J 
ftifiJITK (spall) VjJTIH torsion failure fnitnBUttimBlfitiJUg U.dO 1 



Figure 5.40 Torsional failure of web- reinforced beam after spalling of cover. 


imnsnimn transverse strain Sx3 longitudinal strain f Si nldttj niSltCIElJ nominal 
torsional moment T n yt581t3t]jTIH 


si 


0-85 (3J' C A C) 

V T n A oh tan 0 

0.8 5PJ' C A 0 

^ n A oh 




-1 


0.003 




\ 


tan 6 - 1 


0.003 


(5.59a) 

(5.59b) 


y 


tuCU nominal torsional shear stress Pi 


T 


n 


_ T nPh 
A oh 


(5.60) 


mHIGSSEhTRSTTEta A toCUnStultll shear flow nfdHfTlJ5.60 Bi3MHfni8H3ITmHMTH1URHM 

U Li vJ o' c3 Li Li n 

tIRMf3R a n ItJnIItifnilHtllUfimHBItUlHSnH Collin nig Mitchell 

tu n u i) i G 


a 


o 


Kh_ 

Ph 



T nPh 


0.85/’ c Af )h V 


tan# 


1 ^ 

tan# y 


(5.61) 


mmanmtmmtifimtimti smmmtifitptimni 


311 


\T.Chlun\ 



Htm1sjicijrafij(uiam!cij 


NPIC 


to T n til nominal torsional moment strength I3l|HtiwiBfTinn[inmaiintlItnR 1 tRRJ 
RHHnintslMHmi 5.58, 5.59, 5.60, 5.61 Sti 5.63 mtiRIWRUWBfi (1) RUIITK (spalling) JTJW 
IMmuraitamimiltiR Bti(2) non-softened stress-strain curve JilfiiraRH 1 RlJfiJSfi 



MUntltiajfTlIIHtU BtiRURlfi. nominal strength T n S13 v^tBlRti 

fJHfTlJ 5.61 Rlffltil 


T 


n 


T nPh | Vp 

A; h b v d v 


(5.62) 


to v„ = ufifimtifitirmtiumTi 

y tn nj i U EuJ 

b v =9gti|9BafUM9fTiriHUjniHlIBiRi3RHMRHiarnR d v I|RimintlI spalling |M91U 
R1JCT1I 1 tiRHtifltlfiJTJW duct nSSDTSSDTtJMSra ungrouted tendon UtiRCTlR 

n 15- U i U -v* 

R[|jnHJHi3fi§fiJTJW duct MTHltf grouted tendon 1 

n n v. Li 0 


d v = RHMRtritiRlfiTTJM9fliri 1 IRHlSfififltil flexural lever arm tffBHSTfiffiBtiliaBtnm 

v n cu U c3 lnUu^tr 

nrnjIBIBlSHRJIUM bars U prestressing tendon !Bltfii3RlBjtiWUWUjRRti 1 
RtHtnBWlBIBHITgRIUM compressive strut <9 iSlRtfidS Cf.CTlCa MRIBIbIBI* 24° MTH1U 

m ^ I U 1 c*tj (\ (U Li 

1 

RlIIHtlIM9 Ba90 o MTHlURlinRUIiJU3M91 tiBIB* tfilTfjMffMmRfitH 8 RBtiltilfiMTinURtnti 

u l a U n i & i] U cu v Li cu 

IHtll IBIinmiRTRiRlI hoop steel fflSlRRIj BaBniHlRIIRTRfRlITR9rilti!tiRUI[inimRlBIRIlBB 1 
uJimtmiftiRRiattitiiaitiRnuinim ibij^umrih e RiBiRRBmRBaggtiitnBtiiRniiriMtiRBRiB 

cu n cu v u & a if- 

!R|UIMRl3RlIR[mBn 

Compression field theory fdSRltllfll|pfdnfdnJRnd:t3JndHl‘[?iJtJfd designed section 
IfliHEUtilStS yielding lUMltiRRH Bi3ltiRtminiHIHBBi3IRRinBRll!uRRlHHl3RTgi3IUMraRa 1 
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0.42 -50f, 0.42 - 65^ 


(5.63) 


IRRIBIUntslIBlRa compression field theory IRMBRRatRli391[TlIHIMBaMBnTRimintlI 
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Ec.^Cilfl. Plasticity Equilibrium Truss Theory 

Hsu equilibrium, compatibility Si3 softene constitutive law JUPditJ ntiiSl 

Rl3TSMlRHmiE3mHiQmmsJRl3Tfrit3mfi st3nt3TfnmHtmurjramt3tiJHisnjmiri:rdmfiHit3SStiJ 

ctUnu -n» u i U iUu c* aiU w 

ffiRtilS 1 1fiI|S shear flow concept RflRimmRrdHRinStbmRSflrd{H1U shear equilibrium 1 


Gc.9Cl.1fl.1. Equilibrium in Element Shear 



Figure 5.41 Equilibrium forces in element shear . 
IRHISRIRRlUHtUlutlJHISRTHlhj t JflSl shear flow q ItlCUtKimtUHRnRHIflRlRfiJSttlCU 
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CIRRI f l /s l Stifjs njatn iticmRHIGRttflfl shear flow q lultllfiJHRIJCUSfl 

q = {F t )tax\9 (5.64a) 

ttitU F l =A l f l ts l Sfl 

q-{F t ) cot 9 (5.64b) 
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Figure 5.42 Hollow tube equilibrium torsion forces, (a) Section of tube subjected 
to torsion T. (b) Unit shear element from tube wall of varying thickness h. Note: / 
and f denote the longitudinal and transverse directions. 
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Cc.CsIi] a SttfJSRtfl RtiTtniatRtinaTJlj (in-plane normal stresses) 1 TU 

MBramHHBBnBraMtitrntJ abcd rnftnBtiiBiBiniJBuuuniainaiug ti.iJla b, shear flow tsl 

RtfSfJttil / TRfiWSti shear flow ISiRflSfiJttJl t tl 

ct Liu ct M 


T,t l - T t t 2 


(5.67) 


tsitmttncurruELntsg mnn shear flow omBHtHitSimMintnHsmni RtritiiHnnBltiuBtnm 

1 cu m I m v 

HSSRG dt fTlHUmintUFiSfl shear flow R qdt tititSS torsional resistance JUMHHtjlHtlJSlti 

6 ~i v nsu 1 v v u 

ITRl T ISlRflJtJS Ec.Csl£] a Rlffitil 

U ct v m 


T = rdt 


(5.68) 


nras Bf.tJlQ a imtinSmtji rdMBiRainaiRTRinnMBiariiiJaiBTRapitiiuMTmRiiiniiJtiiBHliJtii 

V -o ctLiv^> u vJ u v 

tfrOTtiUJlHI r Sfl dt 1 TR9TlltiMIu5!fnH8RlHB 

m vJ U vJ i i -nj i 


| rdt = 2 A a 
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ttltu A n = TRgrntiHSRimiJtlliringuJim shear flow center line 1 UJlHJtjBM 2 A n ISlRtifJBRli 

U Li vJ «* l i a u U ct 

5.68 IRSSthtnS 
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UflffiHSRR warping, shear element IlJWIi3R1IIHWM9IBlRi3titTntJBUIUMIUg tf.Gba HlSRiH 
Ht5Rlt9lSfl membrane shear element iSlRtfTOS &L69 a 1 titstSS UfimtjBM shear flow q to 

w Ct ct tl V U 1 

tnsnMHRlJ 5.70 tSlRti 5.64 a, b Sfl 5.65 IRtnBMHR1IWBl3UM|]mUR1IIHniflB81l3I|fnH 


T = — (2A 0 )tan<9 
Po 


(5.71a) 


UJtU Fi = Fj p a IU1HJ p 0 =mmpiHMHBti shear flow 1 f/tilRHiainHUIimimMIUIlJtll 
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Cc.@tlti!.3. Shear-Torsion-Bending Interaction 
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Figure 5.43 Hollow section shear flow q due to combined shear and torsion. 
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(a) yield 

BtiitififitiiSfnnJw yield 

uJirntmiuBiianarmafriR stint3Trnia?Hcu inHiBmuRMHfnisitinfnHtiiwnsimtiiBatnaiJti 
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( 5 . 76 a) 

( 5 . 76 b) 
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Figure 5.44 Shear-torsion interaction diagram. 
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IIMMtiHHiMHtmHRim <ST„ IRlRtfltt UIMHHtilHtllBltitTRl 77 ItJtllUIUntllHRriuaRIHtUm 1 Rfl 
RIJRtinSl T„ (ACI 318-99) inMamHimRtnt3IHnimi3HMTHftnB9U8tiiltJimitJRRi3U9BH Stf 
UjRtmimm HJltfffiJSfltjl torsional moment 77 iuEdStiSflku'lffi concrete compression strut HIS 
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mjIfimsrafjHHttracms i miMTHnjiuuiBSRinuBmmnwtfln aiaguiiaMHmiHBinHMTHiu 

n v it uu n ^ U 

v, t ata m iiJnnTtriaini3RiJriHai^Mii3uiiJnRi3MTmuRin*3mnTRftnBR[mmiJimKiHiuM 

U ay i 8 U su L»u su 


tuira (j> = 0.85 i 

Cf.9d.tl. Design of Prestressed Concrete Beams Subjected to 

Combined Torsion, Shear, and Bending in Accordance with the 
ACI 319-99 Code 

UJiminmifnHTHHJ equilibrium truss model ISBIUIB IB, StllltiUSBSTBtjl ACI 318 

e» Uu 1 1 1 O e* 

Code provision MTHlUfniMnnHnilBlIlJRUUinim B*3toBB*3I3lfil3Hl3rilTURl3Ttnl3 *1 

A U O n ct n U i U 

Cf.9ri.ti.1. Compatibility Torsion 
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(5.79) 


to A cp = |n^lti!lJWtlB^miJimmmtH81i3IUTllUMH8Rimuni3 = x 0 y 0 
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ttiEU A ()h = {RgjI^^tlJng^CTHRjrarj transverse torsional reinforcemet m^nfin 
utlrr 

i 

p h = min|Rrarj transverse torsional reinforcement SnRijjTlinURci iultURfifl 

HRjluR 

TRgmta Aa h MTHlUH8fTIPiit3ll39temimtIJlSlRi3raS Cc.CsCr. JUS &L6S stiras &L6nl ticu 

u vJ & yjn u i \j ca v v v n 
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Note: All stirrups should be closed. 


Figure 5.45 Torsional geometric parameters. 



Figure 5.46 Shear-flow geometry and effective shear area. 
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Figure 5.47 Effective shear width and depth of typical prestressed concrete sec- 
tions. 
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Cc.9Ctt3.3. Hollow Section Wall Thickness 


nartnammilnranmninnHiafTiH BaninaiHnnRHHiBisInatirmiaiuMHSfTiHraitJTia 

1 Ll 61 fU ruu c* CJ- 1 U 


tiGmjrmslRmus g.tjtfai QtbniiitslRtiHSRiRR'is RarfnantnammiJnraiimtiirifniiHtmal 

U <=* u cti lUnj n u 

mmH^i;^TRtiRusmtinRimrjH8rnR£3t3^ , mcTii;slRt3ms c^.c^cjb i 

U u 61 U U i v c* v 

1 i 



Torsional Shear 

stresses stresses 


(a) Hollow section 




(b| Solid section 


Figure 5.48 Superposition of torsional and shear stresses, (a) Directly additive 
occurring in the left wall of the box (Equation 7.30b). (b) Torsion acts on "tubular” 
outer-wall section while shear stress acts on the full width of solid section: 
stresses combined using square root of sum of squares (Equation 7.30b). 
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p n l 8 U12m.(30cm) 1 

intHfHimmingjIltiMIUHHmHlIUM longitudinal torsional reinforcement UIBHUJltD 
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2. fnnnsni1jltnHHi3JBfUtHnhJl T., iltltil equilibrium torsion tftjl compatibility torsion 1 

Uu U v w 1 u n 1 -N» A <* 

fJIHItj compatibility torsion, design torsional moment |ti ? tp S b [ 10 d HI U J d d tlUl H H T u 

fiimiua n r B = </>a^T~ c {a 2 cp t Pcp \ji + f c / 4 ( gin us ) u ( gin sd t u = 

3 474(4 / pJfiZUJE wtjnuHtinrantiijuntitnia i hihiuw design 
nominal strength [jnlfdHHEmsISti r w !(/) ItJtU 
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Figure 5.49 Flowchart for the design reinforcement for combined shear and tor- 
sion; (a) torsional web steel, (b) shear web steel. 
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Figure 5.49 Continued 

3. ttJltmfp yield strength 
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V c < (o.Ujff)b w d (SIR SI) 

- V d 

aa ^<1.0 

M u 

1 = 1.0 MTinurafitlBH313HRl 

Li i v 

1 = 0.85 sand lightweight concrete 

1 = 0.75 

rihjhm v n tffiaiuTiBnjriMtRiiMBa v u i<f> i 
5. HimBlH8fTlRIlJRRl3MTinU9UBl3mifTlR BtifTUTHCU’ 

1 Lj u 

A vt = 2 A t + A v 

0.35 ^ fiimisi 

fyv 


tfimtiRRtiBtnm (b, + d) rainriBimBTgMiiJtiiTRimi nmsis b. = ggaraMHsmRiiJtii 

t/ V l / -o l Li n ofc l 1 

tnBuJRRtigugtmmjHHJ i 

w 

ri.9^. Design of Web Reinforcement for Combined Torsion and 
Shear in Prestressed Beams 

^^7»7//z^^iStn[mmB[inRJtimssijiHCjH[Rftnsrdmsjm^m|unsnummraRi3t|URt3[fnt3SQ 
UUlfTHBlRtilUg Ec.EcO 1 RTUlEhUlSSUl 36 ftx 54ft(l lmx 16.5m) RRHHRi WltUtiHHRiJ T EIU 
IlJtllBlRtjmUfTIliia 54/t(l6.5m) [RJtnS{Sl^ffi|HraRm]]3nl3^nt3mn|emU spandrel L-beam 
UJtlJtnBta 36 ftt(Um) RRHHRj (JUS ELtiO (a) Si3 (b) ) 1 Spandrel beam {RlhlSSURUJUtU 
IfcTltU connection JUfjlllSlSi3fUfJiS‘[H 1 R|UltUJl3S! service superimposed dead load U3tU 
UtUTltUngH T EjU W SD = 77 psf (3,687 Pa) Sid service live load W L = 60 psf (2, &13Pa) 1 JR 
I^MnMtBRRHMIUM L-beam ifdSti 6'-30"(l.9m) ftiUJIHJnBIlJJfltjl parapet wall RBltilW 
RHHRjJT EjUl 

MRnRtinSlltiRTSSilJUfj spandrel beam Ju HTSUSilU SJ RHltUHEU BtiRtniaRIRtafllti 1 
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HimUlIIUMtlH 

3 c* 

A c = 696m. 2 ( 4,49 lcm 2 ) 

7 C =364, 520m. 4 (93.3xl0 6 cm 4 ) 
c b = 33.2m.(84.3cm) 
c t = 41.8m.(l06cm) 

S 1 = 8,720m. 3 (l42, 895cm 3 ) 

= 10,990m. 3 (l 80,094cm 3 ) 

= 725 p//(l 0.6kN / m) 

/’ c = 5,000 psi(34.5MPa) lUntigHBtiHm 

/ y = 60,000 /?.s-/( 4 1 8 MPa) fdjjmmtinmi 

A ps = 270K stress-relieved tendons HtifiBfi l/2m.(l2.7mm) QSS e) 
f pu = 210,000 psi(l,862MPa) 
f ps = 255,000 psi(\,158MPa) 
f pe = 1 55,000 psi{\ ,069 MPa) 

E ps = 28xl0 6 psi{l93xl0 3 MPa) 
d p = 71.5m.(l90cm) 

e = 71.5 -41.8 = 29.7m.(75cm) straight tendon 

HannfiBntufitriasTW BtiimmlJ i 

e» cu U C4- 

Btamtiantn: 

1. fitUlBl T u . , M u . , V 5L tamBHiniW L-beam (TjUTISS 9) 

(a) Service load 

W D = 725 plf(l0.6kN / m) 

= 77 ^ 54 x 4/t = S,3l6lb / stem{31 .OkN) 

W L = 6 °* 54 x 4/t = 6,480/Z? / stem(2S.0kN ) 

P 5L rdJmsiRiaHffi stem= 8,316 + 6,480 = 14,796/Z?(65.77r7V) 
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Connections designed to 
torsionally restrain beam 
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Figure 5.50 Geometrical details of structure in Example 5.9. (a) Section A-A. (b) 
Partial plan, (c) Section B-B. 


(b) Factored load 

W Du =1.2x725 = 870/?//(l 2.7 kN / m) 

W SDu = 1-2 x 8,316 = 9, 9191b / stem(44.4kN I m) 

W Lu = 1 .6 x 6,480 = 10,368/Z? / stem(A6 . 1 kN) 

P u MIUIBigaHtD stem= 9,979 + 10,368 = 20,347^(90.5^) 

i 

T u = \P U x arm x no. of stem 


inn/ in nr v 
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20 247 8 

= ’ 2 X — x 9 = 6 1,04 1/t - lb(82MN.m ) 

T 5l = ^^-x 6 1,041 = 44,3 SSft-lb{60.2kN.m) 

V u l Si [d 13 1 ta I U fj 9 [H = \{P Ll xno. of stem + factored W D xspan) 

= I (20,347 x 9 + 870 x 34) = 106,352//?(474&v) 

V SL IHl = \ (l 4,7 16 x 9 + 725 x 34) = 78,907/^(351^) 

= 0 

tititn HirnmniHIUM 77 . V„ . M„ , mH service load tfSCUTElf miBl TETi3BnJ1t3U2 IB stem 

V ct nj U U 14 tu L»u ct Li l 

ssilSHffiomHmamffiltulirarjGHHmj l gtiwitemfnHHthjjHtiJ timmHfitntirriH 

u nc* ctO eJ U y u eJ U cu eJ 

rmHHHtiiJtiuiJifmBlnaiug elbs®*i 

U v v m -o a j 

A = 6 x 0.153 = 0.918m. 2 

P e = A ps f pe = 0.918 x 155,000 = 142,290Zfc(633iUV) 

2. L-beam torsional geometrical details ( TjUTISS §>) 

A rn = TRsm^njns^fiii^mmHiTfimmTriimri3H8rnmuRt3 

C JJ Ij vJ di e> 1 M Li Li i i 

= 8x75 = 600m. 2 (3871cm 2 ) 

p cp =min|H81i3I|TTllUMH8fTlHrana = 2(8 + 75) = 166m.(422cm) 
x x = 9innt3^aimiJwnnriHRjiiJnRi3iglHfy!iJRRi3 
= 8 - 2(1 .5 + 0.25) = 4.5m.(l 1 ,4cm) 
y, = 75 - 2(1.5 + 0.25) = 71.5m.(l81.6cm) 
h = RHfdfditJ = 75m.(l91cm) 
b w = SSt3"[SSt3 = 8m.(20.3cm) 

p h = miniHiuMHfyiiJRRamaitrTlin = 2(x, + v 1 )= 2(4.5 + 71.5)= 152m. 
d p =RHM|UMgfnn = 7.5-(l.5 + 0.5 + 0.5 + 1.0) = 71.5m.(l82cm) 

A 0h =t^mnsipmi^mHnjmrj^nni3sumnHOJ8im{fi1m 

= x 1 y { = 4. 5 X 7 1 . 5 = 322m. 2 (2077cm ■ 2 ) 

A a = gross area loWHSlpniiultll shear flow path 

= 0.85^ = 0.85 x 322 = 274m. 2 (l 766cm 2 ) 
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e = HJUHHtiflTBWl3fTlIWianiTJM struss analogy UJHJIi3fniIHHJ= 37.5° 

1 n Liu n C>J u 

rj^jmufmfunayna 


cot 6 = 1.3 


10.000 lb - 44.5 kN 

10.000 ft. lb - 13.6 MPa 


I'-O" 


61,041 

(44,388) 



P v = 20,347 lb 
P a = (14,796 lb) 


Beam 1V y = 870 plf 
IV a =(725 plf) 


61,041 support 
(44,388) 


47,376 

(34,524) 



33,911 

(24,660) 


20,347 
(14,796) 


T v (ft -lb) 


106,352 

(78,907) 



Symmetrical about 
center of L-beam 


V u (lb) 
(V*.) 


10,174 
l (7398) 


868.4 

(644.8) 


M u X 10 3 (ft.-lb) 
(**.) 


(e) 


Figure 5.51 Force and moment diagrams for beams in Example 5.9. (a) Tor- 
sional moment, (b) Shear, (c) Flexural moment. Bracketed values are for service- 
load level. 
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3. nfil£iJi3HBi3i[Ho (cracking moment capacity) (TjUTISS 9) 

f d =ntifmtiuamtSimBiHn[m 

nras Ec.Ec® tjlHtUSi3 W D -1251b! ft 


fd = 


M d _ 725(36) 2 


x!2x- 


1 


10,990 


= 128 psi(0.9MPa) 


isIfjnfdsimffrlmamufjHsmfi 


fee = ~ 




k A c j 

\ 


142,290 142,290x29.7 


696 10,990 

= -(204.4 + 384.5) = 588.9 psi = 589 psi{c\ 4. 1 MPa) 
lSi||iaS|lJ^SHSrafjH8frifi f c = -204.4psi 

M C r = S b (6^V/V + fee - fd ) 

= 10,99o(6 X 1.0^/5,000 + 589 - 128) = 9.73 x 10 6 m. - lb(l,100kN.m) 

\.2M cr = 1.2 x 9.73 xlO 6 = 1 1.2xl0 6 m. -/£> 

A psfps 0.918x255,000 x 

a = — - — - — = = 6.9m. 175mm 

0.85 f' c b 0.85x5,000x8 v 7 

M n = A psfps[dp - = 0.918 X 255,000 x ^71.5 - ^ 

= 15,930,000 = \ 5.9 x \ 0 6 in- lb(\,mOkN.m) 

>1.2M cr =11.2 xlO 6 in. -lb 

4. itaf^iRtritRmTRJmntlRstjstumnHtutJHfi c^uriss to) 

nfJHfflJ 5.80, RH1i3JHtlJHtJ|tJJH1fiJTHltjfTlJHsBfiRH1l3JHtUfil3mJMRn?i[UlS1 

tU u EaJ Li nj u ert O 


T u <</>47f 


C A 2 

^cp 


1 + 


/c 


K PcPj 

= 0.75V5,000 


4 VA 


^ eoo 2 '' 

v !66 y 


204.4 

4^5,000 


1 + 


9 [Hi 


= 150,953m. -ZZ>(l7.0&V.m) 

UJlffinHlJ[UllH8filfitSl[Ht3 /j / 2 CUta9[ms1m3iHg &LEZ9 msImiaGHItB 3/7 Httlmfj 

1 Li a U ct y -vJkLit^* 7 ^ 

T u ltltU[H!fnJ= 4(61,041 + 47 ,476)xl2 
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= 65 1 , 102 m. - lb(j 3 kN.m) > 150 , 953 m. - lb 
imramHHnTHtiimHliJtiiinBMiRmninMHHtiiHtiifiaMiinm 47 , 476 m.- lb i 

UmcJ nj l «>- V u u 

timss mTRfnnijmnHHiimtu n^iratirarj 

V Lru V li Lm U w Li Li U Cl 

QiuiRJtaffiSfiisiRmRTfiJiiji timsi fiismmtuR8[uitiisl3rarjRHii3JHtu stiHSHismiratiiltsfi 

n lo U v ~*> Li e 3 m u 

HHmgililniitliffinuRHiiimnjtHJitiiiHslRsrijra t„ = 651 , 102 in.-ib (titsisg mHsmmra 
MHfflJ 5.79 IS) 1 

5. TR?insfi|fnnTraTmsrafjH8mfifi3THitjmnHtu 

Liu eJ Li Li ] Li u 

(a) nonfi KtjirnHRQtjimmtitusstutnsn K., nfi 3 Hfnj 5 .n sti v rw .nMHfTU 5 .i 5 1 

nras &Le/9 hi 2 = 3 ft ni^rarjs^H 

V u ttJcutKfmi = ± ( 105,482 + 81 , 655 ) = 93 , 569 //?( 417 &V) 

M u tacuxnfmj = ^-( 105,900 + 439 , 500)12 = 3 , 272 , 400 m. -lb{ 310 kN.m) 


Vm = 


0 . 6 Ajffb w d +V d +V, 


M, 


M, 


>\.ijr~ c b w d 
<5.0 VAM 

v d = ntnamniiJtiiunjntiiriuamtsimaiHnim 

v d is1yim^mri3S[H = \ (8,3 16 x 9 + 725 x 34) = 49,749 ib 

V^ISlintiBIlilti AtSlfftijUS g.g® = 49,749-725x1/? -8,316 = 40,708/6 
V d I3l ffiia 5 ft HS|H= 40,708 - 725 x 5 ft - 8,3 16 = 28,7 67 lb 
lalrntiHSfriRiiJtiiTRifniiiJtiiiBltiHim h / 2 nttarawsm 

U 1 L»U <y dx Li 

V d = 1(40,708 + 28,767) = 34, 738/6(l54.5£/v) 

v t = RinamRiHRimiglTRiaHSfnmiJtiiuiiintijriuaRHaiRgsfiaiTRiiiJtiiinaHiri 

1 CU 1 Li 1 Cl <ij 1 61 Li 

tatumtjiHtusli M mnx 

ct u lllaA 

= 20,347 per stem y ^ = b 

20,347 + 1,0 15x4 stem 

m m „ x = HHtiiHRimHRunnialTRtiHSfnRiiJtiiunnitiiriuBRHafRasianRi 

lllaA v 1 U 1 Cl <2j 1 61 Li 

( ubrhitjJ gauamtsiiJiRmaH) 

HHittHfiim M,. ISlTRtiQSQ AIBlRtiJTJB touiUntllHREinaRHItsI Bi3 SDL 

11 1 M Li l Ct V 61 c* 


tnmcinmtiMMimmtimei simemmuitimw 
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= 4 ( 20,347 x 9 ) = 9 1 , 562 ft - lb 

= 4 ( 20,347 X 9)5 - 20,347 x 4 = 376 , 420/1 - lb 
tisiBg M max ifflfnia h /2 = 3 ft nttSiuMBtH 

= 4 ( 91,562 + 376 , 420)12 = 2.81 • 10 6 m. - lb 
M r = 9 . 73 - 10 6 in.- lb (UJWtnBnBliatlS) 


HtttSS V ri = 

v f'l 


0.6 x 1 . 075,000 x 8 x 71.5 + 34,738 + 79,902 


9.73 

2.81 


= 24,268 + 34,738 + 276,67 1 = 335,677 lb 

v ci = 335,677 = 587 psi(4.05MPa) 

8x71.5 

1 .7/17 A = 1 . 775,000 = 1 20 psi <587 775 / 
5Xjf' e = 5.075,000 = 354/75/ < 587 775 / 

HIR v d = 354/wi(2.4MPa) 
nfJHPTlJ 5.15 

V cw = (3.5jf 7 ^ + 0.3f c }> w d + V p 
V p = 0 Itfimrmi tendon [Rti SGtSS 


142,290 

696 


= 3 IO/757 < v C( - = 354 psi 


V cw =3.575,000 + 0.3 

V 

rjp v c =310/75/ islmatfrnjnsjfmtmss 

V c = v c 6 w d = 310 x 8 x 71.5 = 176 , 750 / 6 ( 786 *#) 

(b) ‘JnitijiaigjHMiHiunimn v c 

ftiMsra f pe > 0.4 f pu , aci HBrmminraituBfMHmi 5.16 iiJtiiinBninimrMiRfnntiia 


V = 


0.6lT7 T 7 + 700^ 


b // 

‘'W p 


> 2 /t 7 tvm 

< 5 .o/i 77 vm 

Vu d p _ 93 , 569 x 71.5 


M u 

ITU ^^- = 1.0 
L 


3 , 272,400 


= 2.04 > 1.0 
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v 


C 


= (0.6 x 1 .075,000 + 700 x 1 .0)= 742 psi{ 5. 1 MPa) 


> 5 yjf' c = 354 psi 


v c = 354psi(2.4MPa) 

(c) |nnnafyfnntnn|mB 

nmmip v c =310/75/(2 . (a) HflmumitnnfiBnj i ntuHrm 
5.81 M|jnuH8mHsna 



fy 1 

y u 

2 

f TuPh ^ 

2 

( 93,569 A 2 

651,102x152^ 

1 1 

b d 

\ u w u 7 


ll-7Af ] hJ 

J 

7 8 x 7 1 .5 J 

( 1.77 x (322) 2 , 


726,759 + 290,814 = 564psi{3.9MPa ) 


<t> 


\K d 


■ 87 77 =0.75(310+875,000) 

7 

= 65 6 /?.? / (4 . 5 MPa ) ItiEUHIGHIS 


> 564/?s/(3.8MPa) 
tiBiB*H8mnmBwn[m:raurma i 

VI Q U U 

6. tuRStifTinHtU (torsional reinforcment) (IjUTISS CTO 

r„ =T U I </> = 651,102/0.75 = 868,1 37m. -lb{96kN.m) 
nMHfnj 5.38b 

A f _ 7; _ 868,137 

5 “ 2A 0 / yv cot e - 2 X 274 X 60,000 x 1.3 

= 0.0203m. 2 / in. / one leg ((). 046cm 2 / cm / one leg) 

UfimittJ PCI method ftiWIBlnifttfrBMRTnifTUHnJlBl cot 0 

U ct Uy 

coW = V* ' = ssM 37 = 13 

1.7A 0/z (A f / s)/yv 1. 7(322X0.0203) x 60,000 
UJimMBHHIHIUM 5 Ifi(A BiaUtTltllKtHIUM 

su \t/Li Lj w-su 

(A f / 5) ISlRilfiJHfflJ 1 

7. loRStiRHlUfTlfi (shear reinforcement) (tjUTISS tr ) 

V c =310x8x71.5 = 177,320^(788^) 

Vn = VjL = 93:569 = 124,757/&(550iUV) 

(j> 0.75 


I n nj in nr v 
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iKwam 


v s ={v n -v c ) ms V n <v c 

iraiiJnBURinamHHUTuiHi 

Li su E-J 

A v _ 50 b w 50 x 8 
5 f y 60,000 

= 0.0067 in. 2 I in. I two legs (o.O 11 cm 2 /cm/two legs] 

Al = 2| V/l | + = 2 x 0.0203 + 0.0067 

s y s J s 

= 0.0473m. 2 / in. / two legs(o. 1 10cm 2 / cm / two legs] 
ttflMMBRITtJltiRRti #4 Ml?! 12.7 mm . A, = 2x0.20 = 0.40m. 2 

~t> Li n if. t 

cross - sectional tie are 0.40 

5 = = = 8.5m. 

A vt /s 0.0473 

RCUlRHSmifiHBtJJHI 5 m ax = PiJ 8 U 12m. 

= 152/8 = 19m. tJ 12m. 

•Vi 

A 

— 1 - HUJUJH1 = min< 


0.7577V = 0.7575,000 = 53 
A v _ 53 b w _ 53x8 
5 f y 60,000 

= 0.0071m. 2 I in. I two legs(o.017cm 2 / cm / two legs] 

A v _ A ps f pu jT_ 0.918x270,000 I7L5 
s ~ SO f y d ]j b w ” 80x60,000x71.5 V 8 

= 0.0022m. 2 / in./ two legs^O. 006cm 2 / cm/ two legs] 
V^ttlcumijHlS= 0.0473 >0.0022 O.K. 

HaRSflltifmmmtn = 5/16 uuJr #3 

n v- w -\a 

= 8.5/16 = 0.53 > 0.5m. M|jnu!lJR #4 

titnSSlfmtiRRti #5, A v =0.31x2 = 0.62 in. 2 
0-62 101 . 

5 = = 13.1m. > 12m. 

0.0473 

HjiaJmgjfilfiRmBItmtiRRti #4 tjiattiJ IRIfitfifRIRUBmfitirifiltiRRtiri 8.5m 
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8.5(0.5/0.53) = 8.0m. 1 RinpItlRRti #4 RE1RR 8rn.RRnHRjtSlHRjtjSMtmffi #5 
RCUIR 8.5 in. HlSfTintfltiJjJdElJ StiHISRliSffiHtfpStilti ttflffifdintiR #4 iJlffiCIRtiltilitiR #5 1 
8 . tuRUttUTItll (longitudinal reinforcement) (tjUTISS Ec-cD) 

HfilHRlJ 5.85 


A/ - 


A, 


Ph 


f 


yv 


fyl 


cot 2 6 


\ J y 1 
r 

= 0.0203x152 


60,000 

60,000 


(l.3) 2 = 5.21m 2 (33.6cm 2 ) 


nfJHRlJ 5.86 


mmin 


5 Jr~ c A cp (A t ) f yv 


f 


yi 


\ * 


Ph 


f 


yi 


_ 5 V£m 5 »«I 00 _ 6 QJ 00 

60,000 60,000 

= 0.50m 2 (3.22cm 2 ) < A/ = 5.21m. 2 

ttllEinipttlRtJUUTlffi #4 = 0.2 in. 2 

0 *5 * 5.21 ^ 

QSSttlR = = 26.05 tuH 

" 0.20 

ulRtuR #4 QSS 12tBmsitt38A3SHffi9tjlHtIJSl3RfmRtMRl (ttiRHtiRBR 12.7mm RSS 


12fdTtnmt3SHEI10) StimSHttlR 4 ulmsfR^mnTSti HmSi^RtimfnEIJfiJmHIS 28 UjH 1 Q 
QJlIltlRfiriRHSmiRHRtJJHI 12m. R XSlRtiRmPStSS s = 6.5m. RRHifRItGiHRI, O.K. 1 RlJtUHR 

1 m ct \JO 

■"» 1 

fdJtfiJtuR Stiril3RJ[ljiHlTRrafjH8RlRTR!tnStJt3initSiRl3nJS Ec.EclO 1 

U 1 Liu in -o C* v 

^HTtHiffiRiJtuHRfijnMttlRHiscuRanitnnitcuni tRTRlRUMRnRonsinitlRfiJTHimtaR 

E-J 3 ~o L»u O Li ot 

itJEUEUmrani (ledge reinforcement) Si3 hanger reinforcement RytstjlRlJEUHRn anchorage IS 


tt3RmnintmsiTR^STH i tjHRS90 itiwnnjisinRiiWRnRnjis'iRnji s^cusfRiicuHRtss i 

n Li U u O n v 


mmansttsMMtinmimtft SutmMtinmtsmm 

1 n (V I 61 lu v 
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thtung 

5.1 Post-tensioned bonded prestressed beam HISHSmfiStatJtinmtSlnti JUS P.5.1 1 fltflSlEUti 

a i ii in ct v 0 

i 

75/i(22. 9m) luimfliauamtsl W SD = 450 plf(6.6kN/m) BiJTJBRHITjJ W L = 2,300plf 
(33.6 kN/m) 1 Mf^!iJR|9Ba!iJnjtiitni3iBi5mjmj^Hitu«i^mimjRHitimn(a) tSitnlcSnji 
EilUlSlEUHfi BtJ (b) ttflffi alternative method tsIfRtjHSRlR 15/t(4.6m) rftejUMBfH 1 UStiJUfU 
mmrunarmainBnatiitiinutiJi ittjuJrrij #3 ■tsintipnjmnnFicuisiJss itrimtijHRHSRiR 1 ir 

Li 1 Li y Li ct \J 1 

tHitussstuSQmmrmH: 

c* v u 

A c = 876m. 2 (5,652cm 2 ) 

I c = 433, 350m. 4 (l8.03xl0 6 cm 4 ) 
r 2 = 495m. 2 (3, 194cm 2 ) 
c, = 25m.(63.5cm) 

S' = 17,300m. 3 (2.83 xlO 5 cm 3 ) 
c b = 3 81/7.(96. 5cm) 

W d =9l0plf(l3.3kN/m) 
e c = 32m.(8 1.3cm) 
e e = 2m.(5cm) 

/ , c = 5,000/?«(44.5M/ > a) 

/' d = 3,500/wi(24.1MPa) 

/ v MflnUUjRRiJ = 60,000 psi(4\.&MPa) 
f pu = 270,000 psi(\,862MPa) low-relaxation strands 

f ps = 243 ,000 psi ( 1 , 67 5 MPa ) 

f pe =151,500psi{l,0S6MPa) 

A = seven-wire tendons Htififsfi 0.5m.(l2.7mm) QSS 24 fiinfiJI 

5.2 imiMMtjfitntifnn v c , V7, at! V cw fjynufmsIntJQiituns 5.1 iBlpti 1/ioiamuntiJiwtJ 
mHninjnwftiJtjmtJHtiJ BtJRiuiTHnrHtiJiBHiHJUMfimHmimimitiJtJRtJBTHtaTMitJtijmaiJfTiJ 
UtJlfTlRtJJUB GL9CT1 1 

in \jct 11 

5.3 MBRTslRIjnWltiSltJIWRtjnM 4m.(l0cm) SStib = 8ft 6m.(2.6m) [fiftnsmmslsijmsijn 
IWHSRlRIBBUiniB 5.1 1 |RMBratti81tJIWIUMH8R1Rtjim|MBHBipH BIMRJlRnJlBlUjRJtjBl 



Figure P5.1. 
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QitnBiBHTtnmafMRHmnMinMirirTiitiiiTi i irntHHiumnniuM aci wranuRniifiTRamti sti 

-o -vj U l Li u u <i< 

ntmmuMftififiRH-fimtimn sm^u f\= 3,000 psi(20.iMPa) bi 

iratuiBlntiiBtitiiiBJtiiHmBatiigtiniiiJtiigBtiitnBiiJimiraiHRniiRRHiuM pci 1 

Lj U U e* u d u Ui 

5.4 tmsmfiTmmfdtitflJ PCI HRIJ T SUTfif tHSUtinnitSl HtiJUS P.5.4 1 fltnBTTjlitilUJti 40 ft 

<=* Li rn n CJ r Cry m m ct Li o j 

(12.2 m) ItfimiaUBmtSl W SD =25ps/(l,197 Pa) URStiSHSiflfU W D = 31ps(l,484Pa) StitlSR 
HItsI W L = 45 psf (2, l55Pa) 1 MnjimUlBlIlJRRH1l3fTlRt9Bi3 (web-shear reinforcement) 
d p 12 ng|H Bi3|ntiHmfTmyBI3IIlIi3UJim (a)lfsEUH?i Sti (b) alternative method WltmiSlUHR 
ifujumjumiwnjifitinsisianj i Tendon jRftna harped x si n niTi cutty 13 1 iminmggBragB8ii3 
lyriH: 

f \ (birhmb) = 5,ooop« ranaBHBifmtii 
/'„• = 3,500 psi 

f' c (R|jntlltti81tiltij) =3,000 psi rantiBHBBHSn 
/ = 210,000 psi low-relaxation strand 
f ps =m,000psi(\,303MPa) 
f pe = 1 56,000 psi(l,07 6MPa) 

f y MtjnmiJRRa= 60,000ps/(41.8MPa) 

A = seven -wire strands JfiJfifsfi 0.5m.(l 2.7 mm) OSS 6 
e c = 8.01m.(20.3cm) 
e e = 4.5 lm.(l 1.5cm) 

ITU d = 10m. MTH1URUUJ18TM1HIIB8 1 RtHIUMWRimiHSRlRinBlJBBliaiTRlH: 

U p Li Li su 3 1 yU 


r 

1 

8 , -0* (244 cm) 


2* 

f 

) 

/ \ 


i ; 

14' 

<36 cm) 


h — •'- <r — H 



Figure P5.4. 
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hjriukhsrir 
8 1 

!fl[UHBHlBR|H1tlJlti81l3It3 

liJtmnBRtjnniitiBitiiw 


306 in. 2 


h 

4,508 in. 4 

7,173m. 4 

c h 

10.51 in. 

12.40m. 

C, 

3.49m. 

3.60 in. 

s„ 

429m. 3 

578 in? 

S' 

1,292m. 3 

1,992 in? 

W D 

31psf 

56 psf 


5.5 MRJlfiCUim bracket nJHJtBUBRtHflnflfrsnJIB V u = l25,0001b(556kN) tt3CUHHSHtnt Si 
GHltil a = 4i/i.(l01.6/wra)nitiMMn RtnaiHRimRIHSMltiR iV HC = 40,000/Z?(l77.9kiV) 1 tR 
tHitussstutJQmmrfnH: 

ct V u 

b = 14m.(355.6mm) 

/' c = 5,000/?«(34.47AfPa) njfitiBHBBHRI 
/ y = 60,000 psi(A 1 3 .1 MPa) 

MBRTjI bracket TRftnBtnmTRimintllMMITRftnBItjBniB I1jimMBfiTjlttiMMnBlTfil3BRto 

~t> Liu Li Liu %j '/t. <3, Li 

bracket HSt|RH HatEltUBIR bracket 1 WHRRlinglimMIIMIlJRMUnU bracket 1 

5.6 ffithnms 5.5 |tIMSra[tinSt^t3tld|R!tnSlf n monolithic sand-lightweight ttSCU 

1 

IBlfitilBl* corbel U bracket TflftnBBIRRtiinnitjlHmmBtiMMI 1 

c* M Liu o* X) C* 

5.7 MRpPhinSltuRRIHSfiJSSil BtiftiRRIHBMUIIimmiBlRiaqBltmnji Eh 6; MTHIUnBIRUIHtU 
Sl3RmRmRtthffiMSfitriraRl3rafj§HHRjJ L til sand-lightweight concret 1 

5.8 MRRR[lJlBl!lJRTgBi3MTH1UBHiaiRl3E191Umm Ehd MTHIUUB'lRtntiRlR BtiRWHUJ itflBJ 
MBRTjlRTtntlJBltiRtitnBBlR 30/tx56ft(9.1mx 17.1m) 1 RTHItllianBRItsIIlJtmmmtlinBHT 

^ Li o* ot J J \ / Li <3 i ci c* 

W SD = llpsf (3,687 MPa) StitlSRHltiJ 60 psf (2, 873MPa) 1 
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Indeterminate Prestressed Concrete Structures 
e).9. tMtirnfaH (Introduction) 

RtiBiBlntiirafaufiraHtimnH trafatrisranaiTti 

v ot U U tn i u U in 0 s~\ U U U <n i U 

li i i 

RatintimBBBrotnBfnntjiu (continuity) iai|ntig|H8ii3Ri3 BtiialtnijEjamajurintmti (portal 
frame) i mimnuBHJHHij aaRaTmaialnnmniiniasnHirarmiMniiHimmnt^aufltiiutitii 
immafHi3RraMin^aufl!iJwmBRHMRBtiii3inBfntTJi3tiii3Hi3HBTHMiHmiiJtiiinaitiii3iMm 

V n U U in n v n U m 0 ct 

musnmunRTmuitum stfHisfnntfitJfiGfritf i 

& U U c* y 

E3t5tss nt^aufliiJniTwini^a^HmaarasiiJniTimnitiiafTiRUBmBiRiHiuMMBii: sa 

V LiUctU u U U y OJ J1 

niHiuMMiuna 1 irowritB* Mimnrawirniatris BamigugtiiBauBRmHuuimm sausnmH 

IU U U in d* 6~1 

ggainaiHHiBtiin[m:|uiMitiia i tiicus^cu titumjmtyatiSnHrj (span-to-depth ratio) rhis 
WRimrmBfnpiMngJa M|jnu flat plate 

tflti tiWIBjU 40 Iffl50B1Btlin[m:MHIHJ !hM|H 1U box girder IHinBmRtitlllBjUIBSIMBa 25 
191301 

HR|BiraitiBu!BHraMmn^UnnraUtnHBf anchorage I3l|RtiB|H8iaRamHim:fniIB 
post-tensioning tilUIWItliatilllBB tJBIBSfitnBfTinUBmmaHIBtRaimHIUMMini: same 

A 0 L) d o. U 7j etj ro iu 

RHiantuRHi 

cu ^ 



plates HrmaiBtfmnntiJsim BatiiSutuitJtmnBfnntiiuiBlnaBMHm uoMoitinj sajanHia 

L Li 0 Li 3 y c* u -v* iu 

iTunarsnamHBMHm uBMBiarin tJsm mn^urHftnBimratffiaBtiiBtmmiBlnawiBraRa 

U 1 U U ~\X y ct Lru U V V c* n ] 

nunaiffiaitliaiia tfinihlfd situ-cast post-tensioned spans 1 MIS cantilevered box girder ifclEU 
|HftnBI|SmaBWBnflmiBlmutil segmental bridge R|Rftn3t^|tnMtiltp3t3lRaMtJlIgmtH- 
“iBMtHlUIiyaifa') ItfitmWMniB* ffllWHawta cable-stayed bridges lutUHlS prestressed deck 
RHiBfrmRBi^[atiaitJn 

mni^nSmraMMimtiranainiRaTmaRunmniHRnninimnMtJRBiBmnrartnMifl^a 

1 U 1 U n 3 ci if. U Li u u 

uflBiRTimuitJniHiafnirnnriBnTHimfTinsMiBliritiititiiH i BtHiaitJtiiiRBtitnBRBBtiitnBrifTmB 

mU Uu eJ 1 n U u 0 


[pJdBpmnmpnd/mtiSsffaniT 
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iHimHamunairaRi3TmatiiumHim:friitjimuHi3innHia1ai3mai3 (situ-cast reinforced 
concrete) iSl[fii3S[H81t3ni3 1 Situ-cast concrete 9tI9Wai3tiam!jI?titllSlRm3Hfimt3tt5 (super- 
imposed dead load) aauBRHitsiiiJwHiBHiriiwiwaitfTimicitiiranaRRla 1 Qtuflttl IRRJT1B 
ititMfiamnSnH rmscikiH BtiRinttenHiBlfitiwimijTTJifigiB* ifltmSiinminBfnimRUBm 

U c^in in l n ct Li c? o. 

mHfriR!mreBraiTutuintuBi 3 mHtBmiMii 3 MtiiunaiTTiRi 3 Tgnai 

cu U U U U cu l Li | Li 


e).to. R[uiluBtamn^msiRt 3 mnGtraRt 3 Ttnt 3 

l n «=* cr U i U 

Disadvantages of Continuity in Prestressing 

Hl 3 RIURi 3 TTIRl 3 TRiatilUH 1 BH[lfi?URtilIlBgiJtinfunU 81 t 3 nRlH: 

n i U i U i n U u U U 

1. RUTlRTJi3RRR (frictional losses) H1BWR[IJl:8Mtilti UniTinJHRmtlm|yf1i3|?fli31tlCUH1S 
[URMirtRHJtjHJ BaiiatiltiHlBBBBIlBBtiia 1 

3 U Li 

2. HHti Bi3RH1i3RimiJtmRRH1BIBiRl3intlItilHmRlIBiTRlaH8R1RgTHtnBRlRUBmBi 

V cu ct u ct Li i U V 

IIMWtaHHij (moment strength) tBHSRIRlBlS 1 

3. RH113SS13HRI (lateral force) BtiHHlaBainBRtHBIBlTRtiMMI TUMSraflTfiftnSfifntj 

cu O x V cu Li U Liu w- 

ttfiraRnmtJtglatJBH i RintimaiasBauaigiauJim elastic shortening lUMBHitiiaifa 
(long-span beam) l|mHHtnrafdl|tJRl3||fll3 1 

4. RgntUinMRi3Tflil3UB1U (secondary stress) H1BRlH8Mtill3!lJtmi[lintllfiRlIIHHig. 
creep ifltminiTltlirimTHUTHtllMRniimn BtiRlITMRBMTJWgTH 1 

L n U Uu i in U i i U 

5. BHtidSTO (secondary moment) IlJnnRRntURRHIBltRtiMMIIlJWtnBnRmi3ipRl3tfnl3 1 

6 . HisiRRinBHHtiaTnnMfiiTRistiimiJnranmwnRiiiJiRUBRsnMRiiBlitiiitiia i 

V U l*. U Ct n djCUC* €5» 

7. RtHIUMHHtilBlTRti9TH81i3Ri3TRiRlI?lJRUIBHiglTR6gTHIBl* 1 

cu V Li Li ct L nj o. Li Li 


S.m. nt 3 JUMtiJmraRi 3 Tfniats 1 f!t 3 GHtjiu 

U 1 Li C* C* 

Tendon Layout for Continuous Beam 

ratiBMimtiiiJnnraniliaiuMitiitiiBiiRTi BtiRiiJBBmufimtiiRimrlMRH BtimnlmaiR 

Lie? u u c> Ed w a c? cu 

lunSJMRiMRnRniiBitnBRimRBiTuingiBniaiuMliJRiniRaTHia BtilBfitiRimtuBirRtoufiiHm 

c? O V Li Li i Li ct iJ Li lJ £1 

1 1 

sswtnssffnnfriih tfiHtiJtfis mntiimBlRtiBHTRftnBiaaiBRtiiriiTuing: 

u v V a ct ct Liu Li 
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1. mnttimSmtnsnrnimnnmncumHm (monolithic continuity) tjifmfisttiwtfisisIttiR 

i 

mm3T?ntitjimslTmj mMnmjilEmimtiHfj itliffimHs!?iniJRl3T?fims1iChiJlmTtJRl3 

Lj i Li Li-^^Lics' | n Li | Li Lii 

[?Tli3S1i3Hfih^fTlitflS 1 mmslmitlfiaimlaramsgtjl post-tensioning 1 

2. fnntjimtln5wsnfniijifit3TCit3iffiigjRnm (nonmonoiithic continuity) tfifnntiimtlEutns 
HmjOTfira?il3mnmsimithsisiTRaH8fnRSTHrarjHi3fiaifiTfmmtlcuT?iftnsimTutji 

1 CT U l U n Li Liu Li 

GHfiDHcn i raRlimnmsgtjiHRRnhHfnntiimtlnjmijtitns^HigijscusiaiJsmtaJ tt3cu 

c* m i <=* w <ij 

tUfiniChmsH sHiisRmtintfTuinnnjraRtiRRla i 


Post-tentioned 



Cap cable Post-tensioned 




Figure 6.1 Tendon geometry in beams with monolithic continuity, (a) Beam with 
constant depth, (b) Nonprismtic beam with overlapping tendons, (c) Prismatic 
beam with overlapping tendons. 
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ras 5.9 utanmnmnsttlila^ sausnsrunsmatsigtBmsgtiJtns monolithic continuity i 

V Ln ~o Lj d xJ xJ Li d eJ y J 

ras 5.1a uaifTirifnntiimiJtiiBBtiitnBiaiRa nonmonoiiitic construction jus 5.9 (a) utfimn 

V Lfl-O y v 1/1 "O 

TunsfnntiTOfiiiHm iflwialntiimjramwtimtiHMiuMnHTnftnatjimalfTiiiJia rmmsscu post- 

Li d m ct Lj c* ct Liu a w A 

tensioning nRimrafitiRRlti i ms ftmnmBumiRaminimHRUTinutiiflimRnifniRRRiiJtiiinB 

C5 Li i in in ct 

tuRnhjrjmmE^mrmjQssjrnajurjjEJmmnaTfrimTQS'i njnBftinrainrniBlRtiiug 5.to (b) ttlcu 

3iLi y Li i Li Li Li d in -o c* u 

t|y§HRHfjj|tJ|UCU (variable-depth beams) llJtmRIinmitIDIJtsI nonprismatic section HlBIg 
iHimRiHraMMimtiiRBisTaiflimMiiriH i 

cu vJ in 


Post-tensioned Situ-cast concrete 

Coupler tendons joint 




Situ-cast 



(c) 


Figure 6.2 Continuity using precast pretensioned beams, (a) Post-tensioned 
continuity using couplers, (b) Continuity using nonprestressed steel, (c) Continuity 
in post-tensioning for nonprismatic beams. 
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Runnutiitiirntmimirmn (frictional losses) iglRagHranai|URi3|ina!iJtiiHiaiiJm|Ti 
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1 Li Lj 3 u u ot 3 1 U cu<^- Liu 

umtmEJiturmjfrmrartnrj anchorage ires i rensititurennitslmaras 5.9 (a) HisRtinrjmB 

IS- Li Li ^ U U e» in ~o o* u 1 &J o 
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U Li ct Lj 1 Li Liu ] a 
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Li 3 Li u ot vJ O Li Liu 

ITUCIH BtiBBWEIHIBlRlItflB I IBB s.b (a) Si3 (c) HIBWRnillMTRRTUUllRnillJltllHIRaRlIRimR 

U 1 n efc 1 n PJ v 8 1 Li Li Li otot 

RunRuiiitJimM’imuRRR st3nunemi3t3tstsjfi t 
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U e» in -o c* U Lj G) 3 m U w 
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ct 1 Li 1 Li n 1 Li 1 Li U Liu O 

iBHtrnimiaHHtiiraRarflia BtiHHiauJnnRfinnBRtiiw isiintuitltuitlRGHfmslTRtiRtJSHHti 

EaJ u Li 1 U U en <s> ~t. U U 
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M- Lj Lj Uu V «>• 
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tfiBtBl tTRtoufiBiRTMiu raumtummn^iratiitiwmBrmslRiBus 5.1 q (a) sn (c) 

u U U pi U u is- U U m in <=t u x x ' 

1 VII 

TRftnBMRnRnjiBiiBHTBUBtiiBagHBtiitiiiuMfi nStstjntistiscusiantiTffiiajtjraTsntsjcLnttJim 

Uu vJ e-J e/- & v 1 U 

ITUIIMMtillJWtinRI^mRBiaiTtlRaTHia 1 mnm post-tensioning HRIUTUUjRBHiniBlTfilaBTH 
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n u in e-J 1 U 1 U 

TRfRinTUBBWnHRlafilluilRlIMiaMtilB 1 
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S.(s.^fnRmHnjRfm:ta9TiMt3fiJTHiufnn^tjmMHi3mraRt3Tfnt3 

e vl « u n Li 1 Li 

Elastic Analysis for Prestress Continuity 

e).6.R. tHBmtaH (Introduction) 


tiiBiBliTR^auflraRainnHtiinR^aufltmBBHBRimRiiJimtmimntiimiJtiititijuJimRii 

uUUini UUpjn n 

ftnaM^UJmiBlRraRaRaintlltRHm (monolithic construction) 1 fltjUinJUJltitmRIRtilRBBUJ 
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reaction) StiHHtiflfiiJSTO (secondary bending moment) *1 RHIti Si3HHl3nffUmmSSm§S mriR 
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° A ru V ot l_j U (Ti i 

1 1 
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itftmtmiffiirinuiiJitJtJBHanraRainnH iBisiffHiBHBiHTBMiHBnMBMTHimTff^auflHBnimff 
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ItJimimBBItJWtnBffinMtffffpUlfflBIBlmBffinnimnUBfflBffll (service load) 1 HjlttlcmsjR 
IffH1BntninmHaHranai|nffl3tmi3^Mmi:iH^Mt3MlBHm (homogenous elastic material) 


iiJimtmiffTHffiTtiJHiBtiinniiiffniin mBiRHBHiBWBRlmnBstnBiB taiintuitJtUftnHiniJuJim 

U Li 3 in ct Li 

fflinffUI^titnUl3HIffffH1BI|fflHUBff|tIIUltlI 5 IBllOfflffimtBnBffltJtmSliriratnR (failure 


load) 1 


e).(s.S. Support Displacement Method 


ras e).m(a) tH3imnRHrafU3ntJRl3Tfnl3tjimjltuHisnnnjl3 t ns1m3tt3R(b) mfiisBran 

U x ' ui xj ct i Li l Li c? ct ct v ' v/t> 

BTHmuntuiBm *i tUitufinjlRtnsrafjRHia uRHimufmmjsiu r tairfftiBTHSitiffafiJtmiiuntii 

Un x> n eu xa cu Li ^ LiLict n 

i 

HffnffHnatniffarmatjiffSff i HHatBmSmunfnmHnnntriatmnaTma m, = p p e , TRftnsm 

nj Li i Li IS- V n EU U l Li 1 C l L»u 

miitilHHl3i3ul3 (primary moment) ttfiffiBHti M, ItitmfffffifRtnBItlMfftnhTtlRffH TfiftilBlR 
IlJTltslHHtiUBIU (secondary moment) 1 RBnWIUMHHtiUBlUtnBtilMUIBtnaiSIUBlff thrust (C- 
line) iBitjtiaBiHniimniraMi^aufltiiu nfimiBiHimHSffiRB ms1[ni3S{Hjnts1 msssnrnliH 
itJniHBBiBiai|Uffti|ina (tHwniB s.m (c)> i tgjusiB thrust tiiumnHnjiuMffHiaMamtJtii 


HismnfnHmtimtuaH'i nHdtamBnHusitj r utiiinmtnBffinitnti (camber) a !tJtmnraii5 

n ct EU Li & n v Liu e» 

tmrafiririR ttBmtRTRJtBtHiraamslTRasTHRnfntiJQgtTfnHlfmEJituntnattinjHismmSsa r 

Lru c? ct Li Li n 1 Li xj eu eu «*> 

iRHlSSfdttll^ffiRI ItJtUIBIinm C-line tSl{RaS{H81l3nt3tSlntm cgc line 1 
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TUMaraisiumnHmmarinasMmHliwBsnalHHm i;sisfiHimu?mH r BtiiwwBT ttormnsTtij 

Li xJ & xJ in i) ni U v<> vt ji U II U 

tansitsIntantiTscui s.&i 

<=* a 


«« 




R 



Secondary 

moment M, 




(el 


Figure 6.3 Secondary moments in continuous prestressed beams, (a) Tendon 
profile prior to prestressing, (b) Profile after prestressing if beam is not restrained 
by central support, (c) Secondary reaction to eliminate uplift or camber, (d) Reac- 
tion R on theoretically simply supported beam, (e) Secondary moment diagram 
due to R. 
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tijltmHHHtinnflyti (primary bending moment) M x ttJWtJnJlIWnRHIiailpfiaimti 
tfifWBUjnmBlRiMUB e).tj (a) <1 |uSsmi;EiynmSHSj1[]TIHHHi3US1U (secondary bending 
moment) M 2 I3lRtiJTJ9 &.& (b) mSi3SSClJtnSoj1|mHHHi3 M 3 =(M X +M 2 ) SGUtiTni'ESl Hi3 
jus e).6 (c) i flnrmHHHia m 3 RnnmwnRmainiRarinaMTHiuniRsimfiJniMiiMBiaiTrnH 
rarjf Hn*ai3B|HR[UntUllJtlIinB C-line GWfitnSGHIffi y n tendon cgs profile U T-line (JUS 
e).ts(d)) i itfimrmiR'nwBfiwmi iJnTRiHHHtiTRftnBiRMtiiaiiiiRiaRiiffimiuMMMn mi 
MBRramastimWUnWRRtHRtihHjaiaRinnRtHRtitll (superposition) RtiRIllfTlfl portal frame 
itfiraTunstltsjsfRJtlfOHUfitjmiJjUHHli i 

Li CJ U n tXJJ V 

QHItuainraCT (deviation) H cgs line JTJfd C-line R 




Cline 



Figure 6.4 Superposition of secondary moments due only to prestress and 
transformation of the thrust C-line. (a) Primary moments M v (b) Secondary mo- 
ments M 2 . (c) Superposition of (b) on (a) to give resulting moment M 3 . (d) T rans- 
formation of the C-line from the T-line. 
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luiragiriaSlUM tendon profile cgs TfifWSRnfifinBHti M, = (M, + M ? ) MS UUlfi HIS 

i l_ru y J \ 1 Z,/]c3 JJ u* 

ISlSItilM St3HHtiHltiH1Si;sl8imTfnH 1 GnmnSfiniUlHIUM C-line fi 

V M- U tf. 


e=e 3 = 


My 


( 6 . 2 ) 
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cD.ts.ti. Equivalent Load Method 

ItmSRMHHtU (equivalent load method) tillraltJM^mMfri^SMltJltlJMRMirTSMlS 

«* U x 1 7 i-i u a Li n 

fiBntiiiuMRHnairanaTfnatiJimuBnMHHtiiiiJtiiuiSHifffauJiBi profile HH^Rtnaitunarsna 

d nj Li i Li <ij y n vJ A y cu Li l Li 
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en c? r> v y l y ct y U eJU su 

itlcuiKuncunHHia m, toMttaatsImsras (c) mimusntomffenHitimmssraftn^ 
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iJctl y n & Ct 5J 

&.EJ (d) niSntnBtimmHHHtj m, islmsras (e) i Af , tsinti 

v x r~l eJUy J Ot y V y c* y j o J ct 

mTisiui e).tJ.n tuj, tSGtssGtirnfiBeincinpiJtjra cgs line i imrumnaninnH r 

S 7J U- J J c Li cu Li ^t> 

iStusstutnsnras &.tu (d) iuHjnonri secondary moment m 2 itinjutiuJim R IBHintBltHtS 
QQJlts c tSitmttyarmHm AB 1 BHimiJlfilBni (deviation) rani C-line n cgs line fiy = M 2 /P e 

Btslmiltimmfmtin 

ct 





(b) 


"I ^ 





(c) 


♦ tttmttmttti 

L 



R 

Id) 




^nMlM 






(e) 


Figure 6.5 Equivalent load method of C-line transformation, (a) Primary struc- 
ture after prestressing, (b) Primary moment M, due to prestressing, (c) Shear dia- 
gram for moments M v (d) Load-causing moment in (b) and shear in (c). (e) 
Moment diagram for loads in (d) after moment distributions. 
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Example Involving Continuity 

eJ . Cf . ft . fl 9 C 1 CIJt 3 fntltjlUnt 3 fmmfUt 3 C-line Mgrm Draped Tendon 
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Effect of Continuity on Transformation of C-Line for Draped Tendons 
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method) ItftmBfiBBmSfnSJllti AEC St3 ADC ISjtJStUlQ AIBlfitiJUg e).Cl (a) SfclBjSSClltnS 
UmnUJIfflBaiSJIHapMB (elastic curve) ISl^StlflQ A niSjttimS%i3S[Ms C tfiBCIBfiisiSl 
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C line and possible new 
location of cgs line 
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(C-line eccentricity) 


J cgc line 
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l r 

if 
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Figure 6.6 Transformation of thrust line in Example 6.1 due to continuity, (a) 
Tendon geometry: one possible location, (b) Primary moment A/f, due to prestress 
P e . (c) Reaction R on theoretically simple beam, (d) Secondary moment M 2 due to 
R. (e) Final moment M 3 = M, + M 2 . (f) New location of C-line and possible cgs line. 
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3.0 X 10® in.-lb 






45/? ft.-lb 


(c) 


Figure 6.7 Camber A c due to M v (a) Primary moment M v (b) Deflected shape 
due to ft. (c) Secondary moment M 2 due to ft 
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(b) Equivalent load Method 
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itiimtmmjltfTlH Mi frltij1|jnH primary moment tiBISlRtiJUB e).e) (b) IB'lMRinBWij 
flnrmH secondary moment M 0 H Af, -M, titSUlannit Si Ht3 JUS S.e) (b) UJUJtnBUJfflmttiB 
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Figure 6.8 Equivalent load method tor continuous beam analysis, (a) Equivalent 
load and moment distribution, (b) Total moment M 3 . (c) Primary moment M v (d) 
Secondary moment M 2 . 
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e>.HS. figntlJtafncltjlURt3fnmttlJi3 C-line Mftnu Harped Tendon 
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Effect of Continuity on Transformation of C-Line for Harped Tendons 
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C-line and possible new 
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[ ege line _ ^ 

f- 8.43" 





-- 


A 


0 1c 

\D 

B 


“• 45 

r - 45 ’■p 

90 * 



(f) 

Figure 6.9 Transformation of thrust line in Example 6.2 due to continuity, (a) 
Tendon geometry: one possible location, (b) Primary moment /W, due to prestress 
P g . (c) Reaction R on theoretically simple beam, (d) Secondary moment IW 2 due to 
R. (e) Final moment M z = /W, + M 2 . (f) New location of C-line and possible cgs line. 
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TRimniilBiJnTmHHHtii^amRniinitiiiBtitiiRimifiaTuliaitiia saBna itJturngriititiinutiiiM 

Li U u ii ^t. ci 1 Li c V U w <ii j) vt 
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e).e). Linear Transformation and Concordance of Tendon 
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rdHIHITRlSlsaQHltfJnSTH IBlSininBUItlia C-line tilCUR[Ui:fdH1HlTmaiEinWR USHIfisma 
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C-Iine 1 tiBtss imnsuinia cgs line totfi 

prestressing tendon profile mHWnn^:MH1in|HIlftmHaHiamiglMyig8nl3 profile JTJM C-line 1 
mnumus (flexibility) iBSHiBwinMBiamiasiaRtimiMnjiHnjimlH^uraHaipRaiina i 

qmumi/iB e).CTl BtiTJiJHTiri flexibility 1SS 1 irufuitstu tendon profile toflTJiJimtjlHHJ 
Stf tendon profile tBEIBltimm e).9 ItfimimtitfiiBimiTjl C-line IBlRtiJTJB e).e) (f) gtsfpStf C- 
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Figure 6.10 Tendon transformation in Example 6.3 (alternative a). 
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n - o 



(e) 



(•) 



Figure 6.1 1 Tendon transformation in Example 6.3 (alternative b). 
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(b) M 2 =0 St3 R = 0 

inHitsmJfTinfliiiinsTtmmBimti (a) islmsras §.§>o aaSiiini*Ttmm (b) tslmajus 
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e).e).S. Concordance Hypotheses 
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r~l Li ^ Li Li n 
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ttitlJR[UTHJlHim profile iHtUH1SS|Hi3|fiJlt3jl3mSl3 moment profile itiEUUtUllCUHRn 
U3RU13HE11H1 (superimposed load) 1 
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Figure 6.12 Bending moments and shear diagrams for continuous beams, (a) 
Continuous beam, three equal spans, one end span unloaded, (b) Continuous 
beam, three equal spans, end spans loaded, (c) Continuous beam, three equal 
spans, all spans loaded, (d) Continuous beam, four equal spans, third span un- 
loaded. (e) Continuous beam, four equal spans, first and third spans loaded, (f) 
Continuous beam, four equal spans, all spans loaded, (g) Continuous beam, two 
equal spans, concentrated load at center of one span, (h) Continuous beam, two 
equal spans, concentrated load at any point. 
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Figure 6.12 Continued 
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cj.ri). ufrifiiti ultimate sttfmsfnnRiuimsitnnjtiimuMGHtjitj 

1 Cl «v c* 

Ultimate Strength and Limit State at Failure of Continuous Beam 
e).ril.fi. mintmiunstgl (General Consideration) 


Service-load design IUMaHtraRaTSna^UMBHtiltlin[m:iH9nMtsraMMtrii:imaig1lJtli 
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HBETTiminmtnBUJRSnJl overload IS 1 TBWSraHStfttriSlS IRTRlnUIJlUll secondary moment 

im a 3 U v C* Lru J 

m 0 iflwuiiinninRBiainiRaTmaitnnflwfmBfTinRniiKta failure load uJimiraiHRimuBRiMBa 

^ ci m U i U v U i dj ~t> 

1.0 1 ttJimntnJCim secondary moment iuEU£j'lRi£bi3 elastic deformation URiSlRiu'ltl! 

J ci n vJ 

nonconcordant tendon thMmmtnimiTJW inelastic rotation ItJtllTRjRinBmtnBBJmtnimiBRlI 

tu ci Uu e-J v 

raaiBRISTalrm tatBHRlm MTinUBHtatnB elastic rotational capacity tfjH1[UlHHl3i;slTRl3 

W M A » U Ct X. J TjLl 

BTHtlJWmBlTUraniTRjtnBtilMUnflimmtnimtMBa secondary moment iSlTRi3STBit3WR[UtlEUn 

Li Li Utj Lru nj Cl ^ J Li Li n 

RtritiiTURtirma ^ 

cu Li 1 U 

iBHrnimRHHtiiiJwTHJiTuiBlRaRiiMRjiRimBi mwsinMsftkmssirnTfriH: 

Ed v Liu Li ct \J V Li 

1 . RtUlRHHattiCUimiTKUniJSRttiJ BtiUBRHITsnBltflljRTHflUBRIHRim 1 

V ci & Li U dj i 

2. IRITtlUJimiBtitUURBnBIB secondary moment M, ItJnranmwnRHItilTTJRlaTmti 1 

u C? V c* ci J Cl tu u 1 Li 


tjfjauSmatstjpnapntsmnana 
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3. tBRlrfutilBRIBTalnitiBRIJHBrmfi 1 Secondary moment ItiHlStSimtiStmStUUtinitlJ 

0 im J uv U U n 

nmiuitlia tendon BMTRlHci concordant profile Sl3R1RHSffiHHl3HltjH1StSlm|JSTH 

1 U A *N. v M- W U 

luimuiSaHH^tiinBiBiHuaniuntiifnia *i ^nnunaTfnalSmmJtnsmmatsraitdsaHis 

n w cy n «=» U i U L»u vJ 

RsncumnTiM i 


e).ftS. mitUtitBfiHH&gjaltll (Moment Redistribution) 

Ultimate analysis St! ultimate design CuTd H 13 d Tu d 13 i jjj n 13 jlnl 13 H Si d ?fl H strain limits 
approach lt3wndJiS10JHmslRi3R^Snn tJ.9b.ti 1 IRHIBItuftiBRimR net tensile strain M|tnu 
compression-controlled section Sl3 tensile-controlled section lu£UHl31inilSlRl3JtJS &.& MTH1H 

A U 1 -VJ Ct y U 

HsmmuntiiTUfitirtnti i itifiaMitJBnimnmtnimitJRHHUimitJniiTuialnta code provision ttfira 

l l U 1 U u U Ct 1 

2002 ACI-318 Code 1 IRHIGlUTl net tensile strain fdjUTd tension-controlled section tJl rein- 
forcement index co p UJUJlfUialRtiMHR'lI 4.38 b UJtU reinforcement index HRHJH1 

C 0„ + — {(0-03?) 

p d 

u. p 

HSfRftkjll3 0.24 J3 X M [HI U H S R1 R i [U R13 [R113UJ W HI S limit inelastic moment redistribution 
factor lOOOf, 1 MHmSRtj1SdncJ.9lQ.fi lafaltn MTH1HR1JEUHR 1 

1 V s vJ -o U 

ttiTRiBnjntsiminimitJmniRaTmaMiu BtaminimitJRBHRiMiuTRiiRTRUTRiBiBHTgu 

L»u Li l Li 1 ~t> j Liu Li Li E-J 

BtmiBRtHHimftJtmMBa 1.2 C3ma cracking load ItJUIRIUlRUJimimnW modulus of rupture /,. 1 
RlItitminmialRa ACI 318 Code HatRftnBHBmRtHimi|UM|jnU (a) two-way unbonded 
post-tensioned slabs 313 (b) flexural members !tinJH1BIIWWl3Rtnl3RlR BtiIIWMi3riRUIl31l3inB 
SUSdjst3nJE3msUSRit3tUUmmtHHlS cracking moment M cr 1 


e).Ca. Tendon Profile Envelope and Modifications 

IRffltsMi) envelop MTmUR[mRfTiniJlUraMIlJRITTIRt3TRll3MTinn5HtilURlHirafniJtiRl 

A Li Li i U U ct Uyct 

BtiHUJtmifunUIBlRtiRTslSnn (J.CJ.R MTHIHRHSfHfLriHni 1 IRfRlRdnRRHlUSimiuCURlJMRp 

0i^i ct a UctUm Liu su vJ 

RdnS1HSmiRRl3R1JRdnRS?fll31t3SRdnRHRHJH1 StiltiSRdnRHHjHiHltS envelop SliStfO (top 
kern) Sl3 envelop S1l3i [RTH (bottom kern) 1 
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Tendon profile ttfimfillJ 

A UUn 71 71 U U 71 uj- 

mintmiurmamiMnnHimm stimmsfR i mintniniimaiasiHnmnimtiginianuTiHutiiiJim 

ct O in u v- 

RRHiiJnnRaiaTa^Hmaamitsmtisiafnmnjna (radius of curvature), RTHRSMtBRtiTRitiTUHtiJ 

vJu i v U n i U U 71 

tafdtifi (compression stress concentration) RtiRJtirUtjCUHlSfTlittlfdtJJ tendon fTIH?) StSfTin 

n n v 1 i eu n cu 

rifrjlRUIBHUJtinRRHIBialRti post-prestressing 1 tilltflR IfifilfRI|TJ tendon profile !Sl{Rt3S(H 
tuHtIHItfJHia curv ilin ear transition ISllRtiRiJSSTH 1 RIllRfiTHilB* JHIRBRlIIRfiTHftinTRlH 

E-J U U U71 u U71 U Li 

primary moment M x Bi3lJjl|RlHHHtiMIU M 3 <1 




(b) 


Figure 6.13 Tendon profile modification, (a) Bending moment diagram for con 
tinuous beam, (b) Tendon profile alternatives. 


Typical tendon alternative profile tatnBGIIJnfiBRBltittij atiBHJnR§R81tiITRlHtM 
miBlTRtiHSRIRHRminTfiftnBUiairnialRWug 5.9CT1 luCU chain-dotted line tHIffiSlHHlinR 

C* U 1 L»y in -o ct 7J 71 71 

HtymStmfUtSina service load design 1 RIII^MWM tendon profile RlltiRIWRlinsmUTl 
i. BimiRSRRiiRHiBRtHniTiHfiJtiiinBiBltnBiBiTRiaBimBiiJtiiHiaHHtinRniaiRtitmBmn 

If. u tu Li i v ct 

RimmaiirmitiiR i 


rpJdifpm^tiipnti/mtiSsnaniT 
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2 . HHtiiniRarmaMim^TntiH8fTiH[immi^mniiHmBginraumiai3HTBU8tiiai3HHianH 

V U 1 Li | Li 1 u Li Li W V 

HUTHiiJtiiiRHri service load lalrntiHsmRim* i rninitmnMTHiuwRSimiajniinnnnti} 

fcJ U i U a a w 

cui Li U m v m U i U n l U vJ 

tJBtiiRarsfiaHHtinR i 

V 1 Li V 

3. ranilTBMWM tendon profile alternative IlJtlllBIinminBRlJTlHuSllJimfTlIRRHHtiUtiR 1 

4. THtTItnQ^fntTIJCirn ultimate-load requirement tendon profile 1 Rin^rd 

UfiJ tendon profile iutUtUintliin linear transformation Sr3 concordance HSfKUffnSIS 
lt3lffirmj!lHSmij1JinniS1l3Tfi3l3S!?1THfmJRl3Tfnl3 service-load UPiTHlfflJ ultimate-load 

•NJ U 1 V Uv 1 Li Liv 

!Sl]fit3R[lil1flJtCyi3 1 

5. mitsmB*iaB[imnSmalTntiBTHnnintiifTiHim:fTiiuitiiti!iJmTtiRi3TmamaHrnHnBmRi3 

1 if. Li Li Cl UiLiev 

Tmaftian service-load BtiinBHBtmminmHlBHHlauJimtmiUBRHItjIUIBHIBtn tiBtSS 
iBiinmHiBUBRHitsiB TtiMBiuBiurmBninM profile tsiPTcuncuttma BtiHHtiiffrinmtnB 

0 d* Ll IS- 1 Cl 0 V 0 

fiaifnaranatnuunB i 


S.d. gsnmuMttJmrafimsniJ sfci c-iine tsIntiSHtfro 

U 1 U c* c* 

Tendon Profile Envelope and Modifications 

qmmnn £.6: EumiRansi tendon profile iBlnaBHtaEimiumm cS.nl uJimMBHBHiB*tiiBHtiiu 

^ <J r rt ct s/t> ct ct 

H1BUIWl3!lJWMtiHBH1BI|UBBW1 !wl3BHm5IUMBHtB*H1B[n!Jl3 64/t(l9.5m) tEJlttfttSUSfi 
W L = \,5\4plf(22AkN / m) tEJltURRljl Post-tensioned prestressing tendon HIS 
tumuirtfiu sa fully grouted 1 IRHBBItnBnHritnTHUTHniRtnagilTlIlJtllUnjntliri friction losses tsl 

namn/na BaMBntsiRaTsnaMnMiarniManiuMranaHBtTTinHSiuiHi f r = 0.45 f\. = 2 , 250 ps\ 

(15.5 MPa) IBltnl3MIIM8iai^tiHinMH8mHMHlM IBlinWlflWUBRHItsnBHirilWHSfnn 1 
ipgBtipMBfnnifiHtHJ (modified effective width) b m = 65in{l65cm) Eil [HI U ftfl TJJ ti ffl I M ti R 
UjHjRRttotajHHEjEU (modulus ratio) tS topping Smumamn^fiJlU 1 

Btafmiimtn: 

i. HmwssstungsiuiJtifi cS.nl 

IS- •=* 

(a) SSSffimRSttStfRtf{?fli3 
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f' c precast = 5,000 psi(34.5MPa). ITJHtiBHBBHfn 

f' c topping = 3,000 psi(20. 7 MPa) , ItlRtiSHStaHSTI 

f' ci = 4,000 psi(21 ,6MPa) 

f pu = 270,000 psi(\f62MPa) 

f py = 243,000 psi(\, 655 MPa) 

fpi = 189,000 psi(l,303MPa) 

f pe = 0.s(0.1 f pu ) = 15 1,00 psi{l,043MPa) 

r = 0.8 

f t ft EUTI tut Wi3= I2fff = 12-^/5,000 = 849 psi(5.S5MPa) 
f t S[H = 6fjf = 425 psi(2.93MPa) 

(b) sssramnstistitisR 

W D = 583 plf($.5kN/m) 

w sd = (if /12) x 7/1x150 = 153 plf (2. 2kN / m) M|jnUR|]mniB1RltmURUnM 

1 f in. 

4 

W CSD = (4/ 12)x 7/1x150 = 350 plf (5. IkN / m) filj/TIt) situ-cast topping 

Rftflfj 4 in. 

W L = l,54lplf(22.lkN / m) (UJUJBBUJtilBn M L — 9,300,000m. — lb ) 
tjnftita = 64/1 (l 9.5mm) 


(c) njmin:H3fnn 

v ' a 1 

AASHTO Type III 


Property 

Precast 

Composite 

A r in. 2 

560 

934 

C in- 4 

125,390 

297.045 

r 2 , in. 2 

223.9 

318.1 

c b , in. 

20.27 

31.32 

c P in. 

24.73 

13.86 

S b , in. 3 

6,186 

9,490 

S', in. 3 

5,070 

21,174 

S cbs , in. 3 (bottom of slab) 


19,251 

in 3 (top of slab) 


15,288 


tpjmamfmimpffnpnsfianii 
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n = E c (topping)/ E c (precast) = 0.77 
h precast = 45m.(l 14.3cm) 
b transformed = 65m.(l 65cm) 
hf situ-cast = 5. 75m.(l4.6cm) 

(d) Iflmtunaima 

7 wire low-relaxation strands HtifiBfi ( in.{\2.1 mm) QSS 22 
A ps = 22x0.153 = 3.366m 2 (21.7cm 2 ) 

2. fdSfiSPnil tendon profile tmnWTtitiBUttCmalfitiJnB S.§>6 

'■'*> A WTJLn-OCtTJ 



Figure 6.14 Trial profile of the prestressing tendon. 


RtnairanarmaiTfriminraBiHutiR 

cu Li ] Li Li 

P e = 3,366 x 151,200 = 508,940»(2,264/7V) 

IBllEIUJUJtlJ primary moment BV\ 

M B =P e xe B = 508,940x15 = 7.63 ■ 10 6 m.-/Z?(862- 10 3 /V.m) 
Primary moment ISl|tii3RnJPnJl£yi3 E x R 


M m = 508,940x9 = 4.58 -10 6 in. -lb 


iBtjjmninmtMtu. tangential deviation itJnnjuM|jnuR[mBi A B RnDIItllfniMBHUmn 

nsifflBaiajifnaiHajiMBiaitnia b tfiusimtifn 

BfiHHmsmsnttimtuBtuiB a iBlnaiug S.9&! traiatns 

V U vJ & U 1 c* V 


E JAb = E c I c A c = 


'™ +4 V 




64 

X — xl44 - 
2 


7.63-10° x64 


64X2 1AA 

x xl44 


= 15.0-10 10 in.- lb 
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p™ E c I c A b ={R a x 64x12 


64x12 


64x12x12' 


yv 


= 151-10 6 R B in.-lb 




+ 


7.63 X 10* in.-lb 




64fl. ft-lb 


Figure 6.15 Computation of displacement by taking moments of area about 
support A. 


Ra 


R 


D 


15.0xl0 1Q 
151 ■ 10 6 


994 lb T ( 


Secondary moment !Sl‘[Fii3S‘[H B Pi 


798/6 ) 


i? A x 64x12 = 994x64x12 = 0.16 -10 6 in.- lb 

HHiifiJjmsiTRtisTH b itInjuamtuiRnRHititmRiaTRitiH 

v i U U n tu U i U 

M 3 = (7.63 + 0.76)l0 6 = 8.39- 10 6 m.-/6 (IHtUmS S.9S) 

GdJTIfiBpUtJea C-line fi 

l* 

, 8.39 ■ 10 6 . , _ \ 

e d = = -16.49m.(41.9cm) 

508,940 v 7 

(innsrannmSn e' rawc-iine 

is- m w- O E*J 

HaitinHfTlHMHmi 6.3 a St3 b) 1 
1 




375 


\T.Chlun\ 



Hm1sjicumM[uiaw!cij 


NPIC 


e , , e 2 sti e, taunmwfnrifimatmfimmtifi 

V iLin*^ 1 ^ J n cu Li i U 

M 3 IBlniUntllta = (4.48 -0.38)l0 6 =4.20- I0 6 in.-lb 


4.58 X 10 s in.-lb 


M, 


f~(518x10»N-fn> r-4.58> 

^TTITTirrnK 


4.58 X 10* in.-lb 


— 4.58 X 10* in.-ib 


T 

N 

V 

>.63 X 10* in.-lb ^ 

f 



(a) 


994 1b 
(4.4 kN) 

9941b 


■ lillN 


7.63 X 10* in.-lb 


994 


(b) 


994 


0.38 X 10* in.-lb 


0.76 X 10* in.-lb 


M, 




(Cl 




Figure 6.16 Tendon C-tine profile in continuous beam of Example 6.4. 
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-aiowz. 3 


A 



e. 


n A - 0.40 *v/ 


/?, * 1.1 wl 


Figure 6.17 Moment diagram due to external load. 


ttfim BnirmBfiiuM c-iine r 

is- 



- — : = +8.25m.(2l.0cm) 

508,940 v ' 


3. stiusn^iciiss (583 pif) 

iflitmraiHmmHHti aaiHmrnmnarannHriiug &.®1 q iraatns 

U i i) i su U -* i) 

M D 1Sl|Ri3 B = M m =0.10 x583(64) 2 x 12 = 2.87- 10 6 in.- lb (HHtUraS &.®ri) 
P e = A p J pe = 3.366x151,200 = 508,940/Z? 

m d iBl|Rij Ei = 2 . 12 -io 6 in. -lb ( +M max HBWRtBlnnjntijfiija StjtssPTfinsi 


(i) H8fnng|H B UC 

Sin?iifnitmi3Mtiia1nafi[iinRmniia*t7inciBBi3fnifii9Tt35HHmi i tutu 

ct e» vJ ct 

tnnrrmu aatinininairaRaTsnaiinmfi i RaiRiaMitMuJnranmwrintnainj 

U n m U i U i U n iuU 

Raima sausntiitiinrjHfm 6.5 a sa b RHistiamat|fnH 


M e 1 n|RSJlltimrjE3j1|R1HRHiamR) 


R b net = 1 . IW T -994 = 1 . 1 x 584 x 64 - 994 = 40,048/Z? 


HHafjimslTRastH b uJwunmwHRnRtnainjRaiflia satismTicuii 

V i U Li n cu U i U 

M 4 = M 3 - 2.87 • 10 6 = (8.39 - 2.87 )l0 6 


= 5 . 5 2 ■ 1 0 6 in. - lb(624 ■ 10 3 N.m) 


P e M 4 _ 508,940 5.52 xlO 6 


-908.8-1,088.8 



A c s r 560 5,070 

= -1991. 6 psi(c\l3.8MPa)< 2, 250 psi 
P e M 4 508,940 5.52xlQ 6 

A c S h 560 6,186 


-908.8 + 892.3 


O.K. 


= -16.5 psi{c). HSHISJafTUSini O.K. 


[pJmpmntiipnti/mijSsffanir 
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ujiialnijsjn mHiQRMsint3(fnt3rjnrjranrns1[pas[HnfjHmr4.i a stib 
UMUfflJ 6.4 a sa b UJimiTtTBIinmBn C-line e' = -16.49m. 1 JffitiSSEU 

-ci U is- C- u 

M, 


ri _ *■ e 

A -z 


p ( e ' r ^ 

' 1 + ^ 

V r“ j 


1 D 


508,940 


f 


560 


1 + 


S f 

16.49x24.73^ 

223.9 


2.87-10° 

5,070 


= -2,564.1 + 566.1 = -\,99%psi(c\\3.%MPa) 


f 


1- 


*e c b 


A - 

508,940 f 


r 2 


M 


D 


560 


1- 


16.49x20.27 

223.91 


2.87-10° 

6,186 


= +447.9-463.9 = -16.0 psi(c) 

(») niuntiifwagiaiirrl e, 

QninR|?1tSl[?1i3R[U11tUltyl3H e' £1 = +8.25m. 1 yGtSS 


m 4 


ft _ Pe 

fl "aT 


f _ p e M 4 

/lt= "+"^ 


HHi3fdJUM 4 isljtna E, = (4.20-2.12)l0 6 = 2.08-10 6 m.-» 


M 


4 _ . 


508,940 2.08-10° 


ft _ Pe 

Jl A c s‘ 560 5,070 

= -908.8 + 410.3 = -498.5 psi(c\3AMPa) O.K. 

7 08 1 0 6 

f lb = -908.8 = -1,245 psi(c\8.6MPa) O.K. 

6,186 

ras §.9§ untumHHHti siunnSn stiJitiujnuuiTUJUM c-iine iBBHtiimal 

V cu V is- U ct 

RtigmUlHimB* 1 

4. fiSntUJSmJmSH superimposed dead load JSltEUHSfrmSfH B Sl3 C 
tsitofimtuts^tiujfTiJfiJiiJfijmss ( w SZ) )RjjnM i|m. 

UmUHRfflRIUfiti CW SD ) RfUlfd 4m. 1 titUSS W SD = 153 + 350 = 503 plf(l.3kN/m) 1 HHti 

(superimposed load) R 


M 


B 2 


= 0. 1 wl 2 - 0.1 X 503(64 ) 2 X 12 = -2.47 x 10 6 m. - lb 


tuira 


ft _ P e M 5 

Jl - ~r 

A 5° 
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, _ P e+ M 5 

M 5 = (m 4 - 2.47 • 10 6 )«. - lb = 3.05 • 10 6 in. - lb 
1 05 1 0 6 

=-908.8 — ' = -1,510.4/as7'(c) 

v JL 5070 ^ V / 

7 05 10® 

/ =-908.8 + — = -415.8/Wc) 

6,186 v ' 

5. fi|ntUtSfnjmSH superimposed live load lSilWH8fTlfiS|H B St3 C 
nmminwrafitiRmtittitUtatUSf composite action inmminifiJTHItjTS service live load 

U 1 61 U 1 U Lj 

fdJtl 

i nr i u ct u m 

S* =21, 7 14m. 3 
St3 S cb =9,490in. 3 

mrasmsmt3wmimffiHisnjR8noRi3T?fil3Gms1intutJSRmmnims1icdttuiannmj?Ti 

u <;< € 5 » q a l U & c* c w u 

as sti sc i tmtims 


= l,514p//(22.1&A/m) 

itfiramumtusiti w rsn i nras S.9lo HHiaiRtisTmtlnjunoinjnusRmtinsItiSituiinnmjEnH 

u if. c-oiy v u u n c? w u 

M b3 = 0.1 1671V l / 2 = 0.1 167 X 1,514(64) 2 x 12 = -8.68 x 10 6 m. - lb 
HHi3dSRmt3ramfTlffiH1SRi3Tffli3SinitSlfiJnM81l3™ Si3Ri3T?fll3riJi3FilSlfi3nM81l3nfriHrafj 

V n 1U-0 1 U n U 

H8fTI?iT?ii3STH 1 Rl3T?i1l3MJiMra?il3mraiSlRi3H8mmTtJRl3TfnlaiSiT?ii3STmt3tUtJ[lintUntJSR 

1 Li Li | Li i i c=t j LiiLi LiLi n 

SlUHfjfTIffitjl 


fr=fi + 


M 


B 3 


St 


St3 




f _ f M B3 

JbT ~ Jib ~ — 

“J cb 


fl = -1,510.4 


8 . 68 - 10 ° 


21,714 

= -1,1 1 1 psi(c\l.lMPa) < 2,250 psi O.K. 


hr =-414.3- 


8 . 68 - 10 ° 


= -1,329 psi(9 .2MPa) < 2,250 psi 


9,490 

Alternative one-step solution UjtUl]Tffi3HfTlJ 4.19a Si3 b 
' M 4- At <;n M 


O.K. 


f-r = — ^ 

A. 


P„ ( . ec t 

1 2 

V r J 


'CSD + M l ?o 


, tt3cu st islitaRsimturarj 

C c* 

H8fTlfi1jlR|rmtj 
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fbT -~~r 


\ \ 


ec b 

7+ 


M D + M SD 


McSD + M L 


S „ 


cb 


ItlEU e = e' B = M 3 /P e Sti M CSD superimposed dead load msmfjTltU 

incufijiiafdti ttriffiTfiltnsfdsmfriffitMfdsnsIsisi i 

Liu ^t. y eJ 

Qnd1R§mtJfjC-line R e' B = M 3 /P e =-8.39- 10 6 / 508, 940 = 1 6.49i'n.(41. 9cm) 1 ttrim 

v U U U m U 

M d =-2.87-10 6 in.- lb 


iinm 


M sd = -2.47 10 6 in. -lb 
M l = -8.68xl0 6 m.-/& 


(uJimiHumtumti m csd > 


titslSS I3lrntiltin&ll3IWIUMH8fTlHtjlRTMlU 

U Li ot i Li 


fr=~ 


508,940 


560 


' (- 16.49) x 24,73 

223.91 


(2.87 + 2.47 )10 6 8.68 -10 6 


5,070 


21,714 


= -2,560 + 1,053.2 + 399.7 = -1,1 1 1 psi{c) 


fbT ~ ~ 


508,940 

560 


' | (~16.49)x 20.27 
223.91 


(2.87 + 2.47 )10 6 8.68 -10 6 

6,186 9,490 


= +447.9-863.2-914.6 
= -1,330 psi{cj?2MPa) < 2,250 psi O.K. 

m^snmsfdnfjsimoj 4m. 

nfdHfTU 4.20a Bt3 b RatfliaHRUIHlIBlMIMIBltilW Bi3Bli3I|fTlHIBllW composite slab 

IBltRiHSRIRBtHtRftnBRnilBllflimittlHgtllHSRIR Scs S13 s bCS faro 

fcs - + ^, L x modular ratio n - 0.77 
S cs 

fbCS ~ + “ x n 

b bCS 

o /to i r \6 

titslSS f cs = - — x 0.77 = +437 psi(j\mPa)< 849 psi O.K. 

v 15,288 

fbCS = 8 ; 6 9 8 2 gf xO-77 = 347 psi{r X3 AMP a ) 

RingRtHRtitll (superposition) iSfJi3|ffli3SiniiSl[Ri3MnM81i3ipHrarjR|H1tU Si3Rl3|?fll3 
Mtifi — 1,1 1 1 psi IBlTRtiMIIM8iaiWUtiRIUMH8fiimraRaTHil3inBIinmtligtitlItilRaTHiaMl3R 

n 1 U i iUiU 67 i Li n 

MS (net compressive stress) !Sl[RtiMnM8im[fTlHmrjR[H1tlJ8[lO = -1,111 + 347 = -764 psi 1 


RatRiaiBlMnMSiaiTRIHUtiRIUMHSmRiraRaTHiaialTRtiBTH B tic R 

1 Li Li i i Li ] Li Li Li -vA 
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hr = -414.3 - 8 ^ 8 49 1 o ° 6 = -1,329 psi{9.2MPa) 

mjnTtanEumartfititjtitTmtiJTrrfTTisuancmsimams i 

U l U l U L»U in -o G* v 


+437 -1111 psi 



-1329 psi 


Figure 6.18 Stress distribution in the concrete at service load. 


GCUntTl RhrmhMnMraRhHlSmHfiljtjIhRhTmhHSnTIflHBtJJHinmHHtn service load 

1 Li 1 cu V 1 U 1 m U 

sihomfj fdTHitiusRmtiJtlQm shinjh^njTsttiiffiSTHfmHmtsgsiuijan cS.nl i titnss tendon 
profile profile ttlnJH1S|tJMSfnntj1l3tliRhgS1UlJ[intSitg ttilffi 

fiJIJ superimposed live load HISmHtJQlTlRhmmSIianJ ItfiffimimHgfTimRHffimHmamffi 

L L tu^ctct U 1 u 6~1 

ituhmhHM i gsiuiinfi S.&! uhininmjmtuhttltutinfriffitnniQRtjihmi 

c? in -o u -o n 

6. mSfnnRtmmsItnnitim (limit state at failure) 

(a) R [H fi i S fil H fd ?i id [HI U fil H Ui3 1 G R H H 13 I S| Rj CT1 (Degree of ductility for moment 
redistribution) 


h = 45 + 5.75 = 50.75m. 

d = 50.75 - (l .5 - 0.5 for stirrup + 0.25) = 48.5m. 
d p support =c b +e B =20.27 + 16.49 nfdnfdS1i31{mH 

= 36.76m.(93.4cm) 

ttliffirmjsshrarjrmtiJhmjfiJhmslTRhsfH & = 22m. firmtu]i3itlRRH?ri2#4 tin 

cu n Li U eJ 

itJmhmjfdhfi shitJn 4#4 tslTRhRtisiftRiimm i rahtns 

n U ^ 


f[^tmmusidfiundimd§snnnd 
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l flggggj 


co - 


CO = 


COp = 


A'sfy 
bdf' c 
4x0.2 
22x48.5 
An,/ 


2 x 0.20 x 604XX) _ 0 0Q45 




22x48.5 5,000 

= 0.0090 

5,000 

3,366x240,000 


bd v f' c 22x36.76x5,000 


= 0.20 


fii = 0.80 MfjnniunaiiJtmnanMMti 5,ooo psi 

-{co- co') = (0.0090 - 0.0045) = 0.0062 

d p 35.27 

co n +-(co- co') = 0.02 + 0.0062 = 0.2062 

p d„ ’ 


24 fly = 0.24 x 0.80 = 0. 19 < 0.2026 lSl[Rt3S[H 
timss mfHUTHtunamtu s. RGtiiti 0.0075 ifltiiHgRHaimiHainiamiraaiBR 

V U Lit) U l V V 1 Gt 

HHmsralfn 1 ma inHiBiTtrmitmntmaiiJtinTtf 1000 e t % MTHimHHimlnaiBmma 

11 vJ ~o ] n Li E*J Li 1 Li 1 vJ 

lmrjTHimut3lBRHHmslti!cTitslRt3nj[i?ii;s§ t i mthiu ^ HBrmnHntmn. 0.36/?, - 

-oLi yvJ-oct U 1 1 m 7 i 


0.36 x 0.80 - 0.45 > 0.2064 , O.K 1 


HJliftmiBjfl RlHACICod, c/d t = at p x d t = 8.9/(0.80x48.5) = 0.232 < 0.375 1 
tiGtss BHMniainuBffiiniainB itfimmHiniiiiJnHaiWMminimiiJRHarmn 

v <=« -07/ 1 m 

HHUIHIIlJWlHHnilfnnnamWMMti ^ = 0.90 M(jnun[mn design moment M u tiGlSi 
t^mticutnst^rdfjMRsscuffiRtns i 

(b) (flexural moment modification) 

t Fi t QJ1 SI t HI tIJ H S f ?i fTl J U t HJ t3 1 S fTl n U i3 1 ti n H H t3 1 S | HI ul Q t ul tIJ t s t n n ?fl J f 1 u s n 

in v vJ vJ ct 

itsi aauaRHitsi i^mtmnnrnfriGiiiijmwmii^RuamnHwiaiiJniBiatiinimisnMiBHi 

dj Lru dj c» 0 m W 

BBWtnBwnsimiBfriiiJiRuamTmstJiRutiH laiinwiiJnraBmtsnBHiriiwitiiaBitiHMnia 

u as «* Lj ct 1 die/ e» ct 

intuiRHm i iiJimtmiHBHiBfnrfuaiGRHHiaiRRiBTaiaiBia* Hth-HHBTiwGiBlTRtSBTH^ 

U V vJ TjvJdiLiLi 

m d + m sd = ( 2 - 87 + 2.47)l 0 6 = 5.34 • 10 6 in. - lb 
S13 M l = 8.68 -10 6 in. -/& 

(c) UfdfdtiHHtiGHfn (nominal moment strength) 

HHittHRIUl M u iSl[Rlig[HR 


1.2 x 5.34 • 10 6 + 1.6 x 8.68 ■ 10 6 = 20.3 ■ 10 6 in. - lb 
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HtjUtlSSlQ, elastic secondary moment IHRimuJnnRfimBUfimRintiTUfiRHto 

unmninmnairanarsfia (ftinnnjtHflnmjBRtw 1.0 UtsmifiiasiitiM ACiCode) r m 0 

n cu U i U u | vt> y ^t. z, 

= 0.76-10 6 in. -lb ItlimHHiaiHfiimMJTJ M u = (22.23 -0.76)- 10 6 = 21.47 ■ 10 6 m -lb 
(2A2kN.m ) 1 titim WMMi3Htrt3BHRltaTfijR1J M„ =M u /d = 21.47 • 10 6 /0.9 = 

23.86 ■ 10 6 m. - lb{2.10kN.m) 1 JUMBIR A' s yield, f y = f' s = 60,000 psi , SS13 MBlfflti 

IffTIH = 22 in. 1 $tsiSS 

A f + A f — A' f 
_ ps Jps s J y s J y 

Cl ~ 0.85 f' c b 

_ 3.66 x 240,000 + 0.8 x 60,000 - 0.4 x 60,000 
0.85x5,000x22 

= 8.90m.(22.6cm) 

RHfjrardfmUJtOfitlCUH8fTlPiTSSi31tlClJH1SRTH1fj lin. ISllfitiSTHfl 

n cu v 1 U i U U U 


7 + 7.5/2 = 10.8m. > 8.90 in. 

HRIimfiMRIBlfititmTJ ItlimHSRIRlSRIIlJtitilHSRIRBRIRlim 1 

O O. Ct £U 1 c> V 1 1 


1.6w t » 2422plf 

< 35.3 kN/m ) 


" ' 

’ ' 















1.2 Wo + Wso + W cs0 ) 

* 1303plf ( 19.0 kN/ml 

.Lf.it. 

LLLt 1 

-J LLL. 

Li. LL.L. 

nlillih 


A 


A. 



■ > ■ ■ « » n i m m 1 1 1 1 n m mT i j n m 1 1 rr ri mn rfTTTT rrnp, ~ ri i-u-uxxxx^ 

0.76 X 10 6 in.-lb 0.76 x 10* in.-lb 

Figure 6.19 Loading and factored moment in Example 6.4. 


tffijtivjiimatitjptitipnti&atiantt 
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nfi3HfTtf4.44 


M n 1EjEUH1GH1S = A ps f ps 


' <0 
dp ~2 


+ 4s /y 


2 , 


+ fy 


f a ' 
--d' 
2 


f 


= 3.366x240,000 


36.76- 


8.90 


/ 


0.80x60,000 


48.5-— 

2 


-0.40x60,000 


\ 


— -3 

2 j 


= 28.25 •10 6 w.-to(3.19-10 3 ^.m)> 21.71 -10 6 in.-lb 

tiBtss H8meiHisrjJBfnnmsHSHismSsfnn t i ras uiJimfimrfuaiBR 

V i i«^in Ue» v in 

tJSR St3HHi3 1 

7 J 

frlfdttau H8RimB8HBH1BTUM8fTiriIB BltilTRlHHiri service load UtTRlUHICl 

3 1 U o U "vx Lj 

ultimate load 1 1HITltiinmitilMUIBIlinnSRIUM tendon STt3Tmft3tfl5ti RRHSHTIR 

c'cun is- -ot vJ U c^-vAim 

Hnmii3UBRHItsIBtili3tilHmai3B[inmBmUM tendon S 1 


e).90. mnftnflrfflmiufjtitfntntlqjttfa 

Tendon Transformation to Utilize Advantages of Continuity 

g&wra/i superimposed live load W L i Sli 0J i CljRi u 01 H3 S i R 64/1 
(l9.8m) UIlRRG 50% nmimml3lSRl{URt3[fnt3fnHnJR[lJi:rdH1H1[R (linearly transform the 
prestressing tendon) ISlRtif HI|BfJl3|ml3tilUtBqgiUlI[lji e>.6 1 

Btaimiantn: 

1. miUItUti tendon 

BIUnRSfilUM tendon tsl TPitiSTH B ISlRRgSIUlitin S.6 UlSRtnBRl3Ttnl3Mi3mBlMIIM 

is- U Li c* n i U n 

maiiSmri3H8mRBin^tjiomu[Uiimnusnsit3Hri3R \,n\psi, stfHismm&pia i,329p.« tsi 
MIlMBltitTR’ltn Rl3Tffll3S1l31SiRt5tjll3Rl3T?nl3HSmi?iHRtJJHl f. =-2,250 psi 1 wtatSS RH5TIG 
TBtnBUBnBtiiiaiB* raMBtuimruni9fnnRi3Ttni3Mi3RiuMiuRi3 *i uJHTHBmifiiHimBHinBTB 

Li <ii Li U d I U n 1 e-Jim ot Li 

HBRHITsniBBtjlti IRTRjrTlIUlSRRl3Tflil3Ml3RiaiTRtiMnM81tiITrnHIUMH8R1RR[initll!tlIl3 

U U u n i Li n U U i n c* 

IinmtnBRtHBtill3IB*RlHim:fniuSRB[iniRBRIUM tendon 1 

iu n is- 

utstS°fJSR1jl tendon TfiJtnButaRlHWRimiMmmTfiinmWtimtiHW itflffiHlS e R = 

V <■* Liu 3 U -\a c* V u 

e r =n.5in.(29.2cm) tiBTJ&imiBlRtiJTJB cD.lQO 1 RSItiHR RlJmWtiBtnmtJmTJ =16.5-11.5 
= 5m.(l2.5cm) , G[UTlRBRlSlR[lil1flJlCyl3 e El = 8.25 + 5 = 13.25m.(34cm) ttlim primary 
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R, - 4967 lb. 4967 lb. (221 kN) 



4974 lb. (e) 4974 lb 



3.81 X 10* in. 4b 



3.81 X 10* in. lb 

'ITTIV 1 1 M 11 1 ?IKf ll- l 1 1 f r nxuj m- 1 


(d) 




Figure 6.20 Tendon transformation in continuous beam of Example 6.5. 
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moment B = 508,940x11.5 - 5.85 ■ 10 6 in. -lb(o. 66 -W 3 kN.m) 1 HJItilcmsjfi 


primary moment M x ]Tii3R[UTlflJiCyi3 E l = 508,940x13.25 = 6.74 ■ I0 6 in.-lb[p. 76- 10'kN 


.m] 


raiffilffititflS 


EJ c^B 


^ + 6.73^ 


10 6 x 64 x 2 


64 

x — xl44 - 
2 


5.85 ■ 10° x 64 


64x2 ... 
x x!44 


= 75.0-10 


10 


titssn e c i c a c = 


64i? A xl2x 


64x12 


64x2 


x 12 


= 15.110 in.- lb 


r a~ r b ~ 


75.0-10 
15. MO' 


10 


= 4, 9611b 


M 2 = R a x 64 x 1 2 = 4,967 x 64 x 1 2 = 3 . 8 M 0 6 in. - lb(o.43 ■ 1 0 3 kN.m) 
M 3 =(5.85 + 3.8l)l0 6 =9.66- 10 6 /«.-/Z? (IHWJTJB eJ.bO) 


Mi muntuituti =1 6.74 --x 3. 81 


\ 


10 6 = 4.83 - 10 6 m. - /Z? 


nqffiitmm S.l p e = 508,940/z? 1 titnss HimmBnnrnSniuM c-iine = M 3 /p e tin 

Tj&irmalniaiTJB s.tao (f) 1 

in -o ct v x x 

2. stiusmTitu c 583 pif > 

nfitmBBm iBSinjnsrtmmraMEiBitJiinji S.d. HH^iflniniuntiiriBHatiitijR 

U V 61 *S 

2.87 xlO 6 in. -lb tJBtasHHijfiJJtJ M 4 = M 3 - 2.87 ■ 10 6 = (9.66 - 2.87)l0 6 = 6.79 ■ 10 6 m. - lb 


(i) 


HSfTIfiSTH B U C 

1 U 


- n _ ^4 = _ m940 _ 6.79 X 10» = _ 9Q8 8 _ 
A c s' 560 5,070 

= -2,248psi(cXl5.5MPn)< 2,250 psi 
P e M 4 _ 508,940 , 6.79 xlO e 

* ~ 4: 5, “ 


6,186 


O.K. 


= -908.8 + 1,098 


(ii) 


560 

= +189 psi(T) O.K. 
muntiifwasitiiini e ] 

ngsiuutlli e).l M d =2.12x10 6 in. -lb 1 Si net moment 
M 4 =M 3 -2.12 x 10 6 =(4.83-2.12)l0 6 = 2.1 1 ■ 10 6 in. -lb(o. 3 -10 3 kN.m) SH 


f = -908.8- 


2.71 10 c 
5,070 


= -347 psi(cf239MPa) O.K. 
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f h =-908.8- 


2.71-10 c 

6,186 


= -1,347 psi(c\9.3MPa) , HBiamiffini. O.K. 


3 . nililHHianiaMIHUBRHItsIMTHin tendon profile SfdTBTO unshored construction 

1 Li a vb u 


fr = ~— 
A. 


Pj e' B cA M d +M 
{ r 2 ) 


f 


fbT - ~~ 


1- 


e B c b 


sd M csd+ M l 
S‘ s' 

47 ^ + 47 47 + 47 / 


+ V 


r 2 7 


SD 


CSD 




(i) 


HSfrmsiH sue 

1 U -v* 

nras e).bO (e), 47 3 = -9.66-10 6 m.-/Z?. titstSS 


£ n — 


9.66 10 
508,940 


= -1 9m. (48. 3cm) 


riqmumin e>.6. m d +m sd =-(2.87 + 2.47 )io 6 = -5.34- io 6 in.-ib i tiGfp n 

ms HHtiuanHitsiMTHiunHtSiniaiiJniinBHmitiiaHBiauaRn 

V V Lj Ot c? U 

M l = -0.U61WJ 2 = -0.1167W L (64) 2 (l2) 

= -5,736W l in. - lb . IHUmtUffiti 47 C5D 

Ri3||nt3mmHBmiHHRaiin f t = +849/™/ lalfflimtuta sti /, = +425 psi ml [mis jin 


M25 _ 508,940 ^ (~18.5)x24.73 
/r_+ ” 560 I 223.91 


"j 5.34 -10 e 
+ 


5,070 


5,736W L 

21,714 


(ii) 


mrnsstutns w L = 8,092/?// i 
H8mHRnil1tlJttyi3{?li313tlilij E, 

ufimam w D =583 pif . uJimfrmnMHimtnimaBgtiitnB 
47 + 47 SZ) = +(2.!2 + i .83)i0 6 = +3.95 ■ 10 6 m. - lb 


508,940 ( 9.5x24.73^ 3.95-10° 3,613W L 


560 

L =44.8-779 + 2,250 


223.91 


47 L = 0.0735W l (64) 2 x 12 = 3613W L in. - lb 
fi =-2,250 = - 

3,61314^ 

21,714 

W L =9,109p// 

fbT = 849 = - 

3,6 13W , 

9,490 

W L =4,995/?// 


5,070 


21,714 


508,940 f 9.5 x 20.27 ^ 3.95 xl0 c 


560 

L =849 + 1,691-638.5 


223.91 


6,186 


3,613 W L 
9,490 


tffffmStmmimaimmanantf 
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gtsiSS W L = 4,995 plf tUmnJW/ =9,109/?// M|H1U service load, rmtllW/ = 4,995 plf 
tnftnBltijtitiimiJimtHHrianj ultimate moment strength itiWJnBIRHtnB 1 
4 . Nominal moment strength ItjEUfritslRfiHlS 
A = 3.366 in. 2 

d p =11.5 + 20.27 = 31.77m. 

MBRTjI A.IBlTKi39THfl S13C TfiftHSthSTtititli) 4#6l3HTMTHHini3miSlfffl3UBRHItsn 

J Li Li L»u id Ed Liu ofc id <3, 

1S1§ 


A =4x0.44 = 1.76m. 


1.76 60,000 ... 

co = x = 0.02 

22x48.5 5,000 

co p + — (&>-&>') = 0.2312 + (0.02 - 0.0045) 

d p 31.77 

= 0.255 > 0.24# =0.19 

titnss mtHUTHtunaintu s, 0.0075 ifltuHanRumtufniHBiRiuMfniiuaitiRHHtiimia 

v u uu I y is- 1 n v id 

Irm ms mirmfitmtiuJnnru iooof.% MtinniHHimiuaitjRHHtiidTaliTi HitsHscmsiuntUHis 

-\a l n w U tU 1 y id -o 1 m 

fnrfuaiBRHHtiifffiiJfTiiainaRiimiB* 1 

U vJ -o ct 

HHlaiHariMB M 2 = 3.82 X 10 6 in. -lb StilffittHlS 

u id <3l ^ 

M u =1.2{m d +M sd )+1.6M l -M 2 


tj 


M „ = 1.2 x 5.34 -10 6 + 1.6M , -3.8210 6 


USTOHR 


= 2.59-10° + 1.6M L 


. , M 

BltilB = u 


2.59-10 , 1.6M l =2 .88-10 6 +1.78M l 


<!> 0.9 0.9 

A f + A f — A' f 

ps Jps s J y s J y 

a ~ 0.85/' c b 

fUMSIU A s yield, f y = f' s = 60,000/wi ISIS 

a = 3366 x 240,000 + (1.76 - 0.40)60.000 = lin{u2cm) 

0.85x5,000x22 7 

!iJtiiRBtiii3RHMraMtmmiJtiiRRiJtiiH8RiRTgBa!iJ[iiHiB9ga an. i titnss HmMmsIsiarna 

V n £U 1 Li 1 v ct 

fiTIU IUimH8R1RIBR1ItiltlIR[Iil:H8R1RBmR1[m 1 titslSS IffitiHlS 


M n lutUHlRHIS = A ps f ps 


r , _a> 

d p ^ 


V 


+ ^fy 


d — 


+ A' S fy 


— d' 
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= 3.366x240,000 


31.77- 


9.51 


-1.76x60,000 


48.5 


0.40x60,000 


9.51 


-3 


9.5T 
2 , 


= 26.49 ■\0 6 in.-lb 

M L = ( 26 - 49 ~ 2 - 88 ) 10 =13.26-10 6 in. -lb 
v L 1.78 

M l = 0.11671¥ l / 2 ISIS 

13.26-10 6 =0.11671¥ l (64) 2 x12 

tftilSS W L = 2,3 12 plf <W L = 4,995 plf ititmjisn service load analysis 1 tjtnSS W L = 2,3 12 plf 

turn wimmnimiRaiOTtimMHBfiHiTsin 

1 vJ 

( 2 , 312 - 1 , 514 ) xl00 = 5 2j%g5 0% o.K. 

1,514 

tiGtSS ItrmsStUtUR profile §IUM tendon tJHfTl 4#6 IBlMItMSIiainJITJM situ-cast 

slab aa 2#4 iglTHtitnninMHsrnHBiRTimuiBnintSi TUWBitfrmiitihjJuJnBHtnfi 4#6 tal 

Li i Li Li tu fl 

4#8 imsfTmitutamnnaiffftiiuM w L ttpti 70% i 


e).99. 

Design of Continuity Using Nonprestressed Steel at Support 

^ioz^AA*MnnnnjiainHta1ni3Eimuii[m iticuHisnsfrifi sti tendon profile raMGHfms 

~ vJ ct ct i r ct n 

aashto type-in ItifmttfralfitiEigitiuiin cJ.ri tRftnai5iHim^uifliraimimn|ti!iJnnHmiinm 

[9[G13S j superimposed service dead load W SD = 503 plf St3 service live load W L = 2,290 plf 
(33AkN/m) 1 fijafitfl tendon profile !Slnl3H8meiGinTriJlUSTH13HfriH1SSTHaSt5EntSl 

Rtiqffiumm tJ.tl itJfutnBBiinmSmaimiinfiitfiia e =i6.27m.(4i.3cm) BtiBiunmlnialsraBti 

e e = 10.0m. (25.4cm) 1 filti prestressing tendon profile ai3fliHRtlJRlJl9t9jHtUMBraRti|inl3 
MnMraRiaiamiMaRHBlTnRHRUIHlipHHiri service load R f c = 2,250 psi(\5.5MPa) 1 

dmmtjtmuj: 

1. ggBHlMflnU strength design 

iflimfmnainamniiiBJiRggfiitnBfTintiiutTiHimiranainnHiaiTRiagTH imwnnmira 

ct u ] Li Li ct Li 

WMMlilMaRIUM topping concrete f c =5,000 psi 1 yGISS IffititflS 
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f' c = 5,000 psi(34.5MPa ) , SHSGHfil 
f y = 60,000 psi(4l3J MPa) 

superimposed dead load 3tJ live load ( HSfiSi self- 
weight) 

d = 50.75 - (l .5 in. cover + 0.5 in. for stirrup + 0.5 in. for half - bar dia) 

= 48. 25m. (l 23cm) 
b h = 22in. IBltftijtnfl 
b t = 84 in. tSlmattB ( b m uta = 65i/i. ) 


2 . Nominal moment strength 


ngsiuiitin moment strength tnWQltiEUUnOIEbn ( W SD +W L ) B R 

M n = 1.2 x 2.47 -10 6 + 1.6x13.26- 10 6 = 24.18 ■ 10 6 in.- lb 1 1wltUIEiHSEjlR bonded prestressed 
steel UtifiKSlfitiSTH tiBIBMnHJfi 0 ) n = 0 hJTHIURMSItHFitlJlltJtilQRHHtitSTtilfTl 1 fdSR 

ui ct u v /x Lj i v vJ -o ^ 


A 4 . = 9.0 in. 2 

9.0 60,000 

C °~ 22x48.25 X 5,000 


0.1012 


A\ = 2#4 = 0.40m. 2 

mim cd= 0.096 lx — = 0.045 

8.5 

ngsiuunli e>.6. d p = 35.87m., d = 48.25m., + [d / J(<y - »') = 0 + [48.25/35.87] 

(0.1012 -0.0045) = 0.1300 <0.24# =0.192 1 fiBtBS 

fllintU elastic moment analysis tutUlHItH M u =23.81 10 6 in. -lb 1 


e t = 0.003 


UJimitti ACI Code redistribution test, tensile strain I Bl filial ti fiffini Bltil [nl Ufa fm 

f d t A 


^-1 

v c ) 


r \ 

a 


c = 


V P\ J 


e t = 0.003 


9.51 

0.80 

48.5 


11.89 

o , o 


= 1 1 .89m. , d t = 48.5m. 

-i =0.0092 . tiBiBg frmimiBfniiuaiBmaTaJin = iooo *?, = 9 . 2 % 

I V vJ -o l 


mmHRWiraaiBmaTiiJfmMBa 9 % itiwmnuBmHtrtsjfltjtnB Btifli9TtiHHi55tjtnBiBl 

1 V M- VJ^W- 

muntuitiiauIimmHiJBm *i imraiHRnn rf = o.9uJimtmi e. >0.005 1 

n 0 cu v c* U 1 ' t 
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titnSSifprafinJiratiiGR (distribution factor) 0.09 : 

M u Qltna - (l - 0.09)x 24. 18 ■ 10 6 = 22 ■ 10 6 m. - /*(2.49 ■ itfkN.m) 

M n =^= 22 ' 10 = 24.44 x 10 6 m. - lb 
n (!) 0.9 

M n =AJ y [d-^\ 

WBRWTmURIIMlRtmtilJTJti d-a!2 = 0.9d HSli 

Vk U E*J V 

24.44 ■ 10 6 = A s x 60,000 x 0.9(48.25) 

24.44 -10 6 

* _ 60,000x0.9x48.25 

AJ y 9.38x60,000 

a = : — = = 6.02;«. 

0.85 f' c b 0.85x5,000x22 

RHfdtSfLTItJotUTSStiR 5.75 + 7+4.5/2 fJTH'ltiHSR'lR AASTHO type-3 = 15m. > 6.02/0.9 

n su U i U i J 1 


= 9.38 in. 


in. 2 (60.5cm 2 ) 


= 6.69 in. i Hmrifimalsianiatinu tJtsiBSHsmniSmitiiHSfTiHiimmim i tfstss 

O c* £U V 1 c* 1 1 V 

= 9m. 2 ( 58 cm 2 j 


A, = 


24.44 10 6 


fAd-atl) 60,000(48.25-6.02/2) 


ttfim a.uJhjmbh = 9.38m.- msRtHtmj 9 in. 2 iJt3iB*iHnnji?ui3raRHHSnmBtiin[in:ranmiB i 

m eJ v 1 v 8LjLi 


TRsmta A,nrRftnBrai3it3mBliti}9gi3wiutiimMi3Miu 84m. i AjsiRassaHtutmsnrmJa c ft > 

l_l VJ J l_»u tu Cll 3ct u 61 U '* 

= (9.0/84)xl2 = 1.29m. 2 /12m. 1 UiimiJUUJn #6, A s RflHtinfjH = 0.44m. 2 (2.82cm 2 ) luim 
RCUIRR 


s = 


A 

requiredA s / 12 


0.44 

1.29/12 


4.09m. 


titttSS ITU #6@4 jm. RRnHRnslHRnWSSti 84m. ( HftRfafl 19.1mm@ 10.8cm ) 1 GSSluR 

U U 4 +J vJ n is- u 

MIUIW99tiMin 84m. R 

1 nj 

84 - (2 x 1.5m. cover) . 

L + 1 = 20 

4.25 


tftttsg tmiams 


A, Will =20x0.44 = 8. 80m. 2 O.K. 

A 1 

titslSi ggnimRRIIMRriRnJIBIMTinUHaHiaRliriHUliJIti (flexure) 1 ROrntfl RIIMRnRHilBlIlJtll 

V u +J Un n ' +J 

HIStURtlllflnnmuniTRlJHtJmtUmfl dowel design WTHTO composite action, RIIMRflfiimBlftiR 
RtiM|H1U web shear, end block design Stf RliMRJlRtlflSlfiinfrltJ Sflhflm|tlgfi3|H1tiS|HfRinf 
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Figure 6.21 Schematic geometry details of continuous beam in Example 6.6 (see also Example 4.7). (a) Longitudinal 
section of bridge beam (not to scale), (b) Midspan section A-A. (c) Support section B-B. 
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mj i luitmnTHjBnjntsi mn^maliWBHtiitiianaEiffiuiiiiniaMiJtii nmmtiRuumjslTmisTH 
HBtTnminminafTi«Rai^[auBRHitsi 50% nusn 1,514/?// iBltiniuBfi 2,329/?// i 
3. mitiiHHntiliminiHIUMBH (Beam geometry schematic details) 

jus immaJmiwHnriftinntpti sta tendon profile jufjumftmsqsitmnjnss i uomiti 
ra?U3SHSTfiJICU BtillJRBHSTltiWaJfTiritilUialTntiBTHMTHin superimposed dead load Sti live 
load Hisnjjumtis 1 

«D.9l£l. Indeterminate Frames and Portals 

1 

e).9l£).fi. CUfidlUStSl (General Properties) 

irmaranatiiiBBiMHaHanimRiiJtiitfnmaiiJimHamiJR HtiRfun uHtimTBfltafTiusn 

U 1 ne» O vO n n^AnU w-ct 

fihl3nin^HjSUStUSl3Ri3|?fll3 BtiHHtinnuJtmBHlMfl 1 Sl|RHan[Uin (degree of indeter- 
minacy) jfiTMtusiiusstcuu BaaHtJfitimTj smumstsTufmuGtn lunaiBnjinBtmitiTttftnB 
nuifmainaiuB S.tata *i uuusra n tiiBBanim. b tfiassHtiR, r ussturrh, stis tiiusstsRin 

in-octu Lj u ii n u U -* u 

HBRirnn iBisSitRHanniiHtnJtnanimnmH^MHrriiBiaitfnH: 


3n + s > 3b + r 

(RISMUTin) 

(6.8a) 

3n + s = 3b + r 

( WIBBRIUIH) 

Cl 

(6.8b) 

3n + s < 3b + r 

(fiBSUHSRtUlR) 

Cl 

(6.8c) 

tk^HBRanmi 



s = 3b + r - 3n 


(6.8d) 


IfifatifatnBMHRU 3 n ISCUSUfiTISQ JtfiffiUSSHnTlUfdJUU 3 b + r 1 tjl^SIUlJtlfi uiTRHSRtinR 

ci u m i Li 

js^majslnmus S.IqIq (a) r 

s=3x3+2x2-3x4=l 

ttumrd{Him{mmsint3jgR (g) tsjutftecuR 

s =3x10+2x3-3x9 = 9 
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Figure 6.22 Typical structure frames. 


Gcufitti ^HftmtiinEnmSfrinnnitcuni fiTfiftmjnsfwRsnusitinmH: 

EJ Lj c* Liu V 3 3 U 

1. mjMRnEinjimTRltRMincutJsnsHH^ ttimsto 

vJ Liu O V tu Li ct | Li 

HisHHatJ3njHisnjRm:TRgrasMtt3i^iffiririJfriJT?igrasfi3^1rarjtJSfimt3j mini 

U 8 Li vJ Li vj & Liu 

nmftunHHtinfiltiHis BaHHtinHHJtimaiiJtiiHiBHiHntiianafniMnnHimm i 

u W- V t* SU ct vJ 

2. iR|nitiniBfgtHp*MHiHj i |UMBrainMRpR[maii|maiifimitng|H hinged ( thrim 
miMUJMtiiiJtiiHianiHtti) inrRitiWBfniciagTH hinged tfimwin 

sum Ui n u Lj & U o n 


e).9l3.3. Rtntt BtiHHiatSlfimTRltl Portal 

U V ct u 


Forces and Moments in Portal Frames 


tRint 3 RRtsiiTRii 3 iuRi 3 tSRiitiitiiR[m:iHgriMBHaintiifnnatmHtni 8 tiamimnjitsHtjiu 

Li ] c* 8 vJ cio l c* Li U 06 c=t 

I|RlHHin service load S tit jlTI H Eli R 3 tin U B RI W fd US oil B B (slight-overload condition) 1 till til n 
HSStitRRHIS plastic hinges IRBl3tTtJlJnTR1HHHlanmiJtlItnBUlJlITlIBiRtiIUg eJ.lQCTl Sti e)M 

i A UeJLiu in-oc*u 
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niamiMnnH^miTmaranairaRarsnaHanimH i inMBntjilBBHfnniamftmmBBiwifaHB 

ct O Li | Li | Li ^ v^>ct ne» 

R[Ul?ituCUJHtJmCUS1i3nfTlt3 IfclEUJHHIsltS virtual work, stiffness matrix Si3 flexibility matrix 

u is- U v *' 

nHijtjiMHfnraHHa tiMHfnrasHHti frilcitiWHnHistnufiJiEij titsiss HfmstsssiatJtinmt?! 

v v "vx u v ctnim 

iMBmimBitiiHHUiHi atiHiBwnimrMTHrominuinjn* i 

n a Uu i i evn 


OimitjuLti mn rnnn mmuu 




Figure 6.23 Right-angled portal frame loaded with gravity load intensity w (T in- 
dicates tension fibers), (a) Load intensity, (b) Bending moment (hinged-base 
frame), (c) Bending moment (fixed-base frame), (d) Deformation of frame in (b). 
(c) Deformation of frame in (c). 


1. Uniform Gravity Loading on Single-Bay Portal 

gumtiiHHtistsEbfnn i c tsfdmramjj ati i b ibbhuJritjm portal islnmus &.bEJ(a) 
HBtnBniHtiBm i mmsHHti stinHitiEtommTmHHiGsmRRHis: 

nj V «=* fu V cu 1) U 
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Figure 6.24 Right-angled portal frame loaded with wind load intensity p (7 indi- 
cates tension fibers), (a) Bending moment (hinged-base frame), (b) Bending mo- 
ment (fixed-base frame), (c) Deformation of frame in (a), (d) Deformation of frame 
in (b). 





tel 


Figure 6.25 Bending moment ordinates in single-bay frame, (a) Uniform gravity 
loading, (b) Concentrated gravity loading, (c) Uniform horizontal pressure. 
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nmtimmaistijffijrmgff 

v B = v c = — w/ 

(6.9a) 

nmtimtntJ9Nttin 

tu / V 

tf = -C,w/ 2 
Zi 

(6.9b) 

o . 1 

UJtll c, - , 

(6.9c) 

12 — — — + 1 
l3/ c / J 

vviinsinltimaHBmtntalffiiimtiTtii] 

9 t+ U Ut 

M B =M c =-Hh = -C l wl 2 

(6.9d) 

ffBtinffiljtnafffilfftnfffifTa/nwtnfi} 

9 t* n ^ 

^max=lvv/ 2 -///r = f^-C 1 lw/ 2 

(6.9e) 

ffffijnmsiffiijsnnff x 

9 Li 1 

M x =^x(l-x)w-Ciwl 2 

(6.9f) 

portal r 

x 1 =|(l-Vl-8C 1 ) = C 2 / 

(6-9g) 

sa C 2 =|(l-Vl-8Cj) 

(6.9h) 


2. Concentrated Gravity Loading on Single-Bay Portal 

itfimtmiuBfiBBimB p HsmeinnsiGRtimtuttua amssmgscutnsRHiamfiHSMreTsi 

i c? m C? V u EU lU 

HjtJS e).l£3Cc (b) 

nmijmttmijfsijtt 

f 

p 


v B = 


f a\ 
1 -- 

/ 


Si3 


V 

V c = “p 
L / 


/ 


rtmtitnuguttirt 


H = Ci — 


l-‘ 


P- 

h 


(6.10a) 


(6.10b) 
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C 3 = , 


1 


2 hh 
I c 1 


+ 1 


ffirtintfralmfffpi] 

9 Lit 


M B = M r = -Hh = -C, - 


C 


1 


l-‘ 

/ 


PI 


ggijnmaltngmti/rmmiJtr bc , wthto x < , 

9 n n Lj 


M x = 


r 7 

f x a „ ^ 

i- 


l i) 

U 1 ) 


l_x_fi_a 


M|jnn x > a 

M x = 

iitin&timBHimrmBlmia x = 

9 t+ Lt 

=- ! 1 -- 


PZ 


C 3 P/ 


/ 


P/-m = (l-C 3 )y 


l-‘ 

/ 


\ 


P/ 


y 


ffBitimvgMitlmrmmangmmGsnnmma 

tu U \9 I U 


H = -C* 

li 3 


P «i 

P, 7 


u 


// = — c 3 E p — 

/i 3 / 


1 V 

. / y 


P 2 ^ 

/ 


1_«2 


V 


1- 


y 


(6.10c) 

(6. lOd) 
(6.10e) 
(6.1 Of) 

(6.10g) 

(6.1 Oh) 
(6.10i) 


3. Uniform Horizontal Pressure on Single-Bay Portal 

nras e).bEJ(c). iffiUtns 

V x 7 

tuBffmmjTtalisiiigig 

p 1 , h 

R\ — — ph — 

A 2 1 

- 1 h 

Sl3 fin = + — ph — 

2 1 

jpanatnamtiln 

Munuftimfi A taptffiHati9N8Jtmjfi (windward) 
11^ + 18 

H a = - — j—r Ph = C 4 ph 

8 2—— + 3 

h l 


(6.11a) 


(6.11b) 
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ll^-- + 18 




r _ 1 I c l 

w — 


4 8 2 ^ + 3 


(6.11c) 


h 1 

d ItJtmairiiunmgMSjtmiR (leeward) 

H D = ph -H a =( 1 - C 4 )/?/z (6. 1 Id) 

HHtinnmHRHMMMifiJtiiiRHriMHitimHgMiiJR ttitiiv Tsiftnafifiiritnn isis 

7J n n Lru 

(6. lie) 


M y =H A y-^py 2 


MtiHfimmtaltiuMMmffstiGMSjriuft 


M, 


f 11 ^- + 18 ^ 

1 I c 1 

8 2 — — + 3 
h 1 


ph 2 = | C A ph 4 


stwshffffiingfftBmtntainttufffff a 

IP Li 


y i = 


li 


hh 

h l 


18 


2 ^- + 3 


v h l 


h = CaH 




h h 


M B =H A h-^ph 2 =l Ic 1 


8 2 — — + 3 

h 1 


ph 4 


(6.1 If) 


(6.1 lg) 


= (C 4 -0.5)ph 2 (6. 1 lh) 

M c =-H D h = -(l-C 4 )ph 2 (6. lli) 

mmtij c { , c 2 , c 3 aa c 4 is1ntiMBfrii6.9,6.io ati6.ii 
tJtsuairmalRaiuB a.bSi 


v in ~o <=* v 
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Figure 6.26 Constants C, through C 4 in Equations 6.9, 6.10, and 6.1 1 . 
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concordant tendon MtmmiHtoiauBRBmrnwiHTB iuimMMiTfliHia9inrauTmaiBHTgugtii 

Li ot ~o 1 Li Liu Li Li E*J 


si3fdHiG?riHSfi3tuR shHHhmsmtiwunrawnRinfTierafdtiH ^ 

n v 6 i w-Nituc* 

l) -\a m 61 Oct n vJ Eu Li | Li e» \ Li 

BinimnHiaia1ttiBii3iTRiiuMMMnTma , i inRiMRiiHimaifiJRiTtiRaTmanmTnBmiinmBu 

-SJ <ii Li Li wO U | Li EuJ EaJ 

scusi3Ri3TRiammsiRt3RtjiRt3TRii3J3tstsfR^n RiiirnsmHuinmmHRiiuMnHmSiinmmH 

I u u I Lj U w -NJ eu 61 vJ Ct C? 

H1STtJRRH?flHSfLituRtSlTRi3STHJtJfjfi3fi3J 1 utstSS uJtfrBBWtnBRHItiinjRiaTSnia PtSlRtfHhR 

Li Li Li U Ed u eu Li | Li c* n 

Hanuininm iRTHfHaiHRHiti p+apib1iwitri13i iRHiBniuinmimaiaRHia apuJihjittj 

n 61 Lru | 61 EU U EU Li 

MHRii8iai|mH: 

T[tni]ftJtlf9[fflrii3ttftj7ttJ91ff (Frame with two hinges at support) 


AP="» 


3 E C I C 


e BC 


( 6 . 12 ) 


h 2k + 3 h 2 

to k = {l b / / c fh II) SR e BC tfl m (H U [H HI n til BjtJ hi J U to U [UT1 CUR elastic shortening 
Basram iiJnranmninRinHHig (shrinkage) aa creepi hrjip she nnmaunmtjaiuMHan 
tstTRimsiRhras s.bei suras s.bri 

U Ct U V 

t[tniJftJ(lfffJ8ff[fftfi]tf (Frame with fixed support) 


A P = 


Mb -M a _ E C I C 


k + 3 


k + 2 k(k + 2) 


h h 

_ 3{lk + 1) EI C 
~ k(k + 2) h 2 

ras &.bri ummnRthQTSRrsitiifTiHHRnSrautirnnjnmTHUTHtijnaratu s Rr = a /// 

v ID M u U U O 61 U Liu lJ JJ L 


(6.13) 


ItinmnJTlUJn shortening, creep Sh shrinkage 1 



P + AP 


Figure 6.27 Longitudinal deformation of beam BC due to elastic shortening, 
creep, and shrinkage, 


t[tfftitr3mfftit[mti[tritiffgfraf}tf 


401 


XT.Chhu) 



Hm1sjicumM[uiaw!cij 


NPIC 


BHti M A Sk 3 M b fetUUtUll&Un longitudinal shortening ITJMHtifl SCiSlntimS S.btl 

1 

RtiBBltiipH 

(Frame with two hinges at support) 

-£ bc (6-14) 


6 EIO 3 E I 
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2k + 3 I 


2k + 3 h 


talinnjitini jk — > o . m w 


EJ, 


'BC 


tjtntiftiajmsaivutiu (Frame with fixed support) 


. . 6 E c i c e 
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3 e c i c 
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~-BC lrl A 


BC 


(6.14) 


HWiuiKtamitiiMmmaafiaiamHiuMHHtiMB atj m a nuJirawmalintuiiJtiiik -> o , 

V 1 eu n cu cu u D r\ 
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ct Lj -vj v 7 n ojJ n J 
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n v n 8 v cu v in cx y & 
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■— 
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Figure 6.28 Effect of tributary moments due to elastic shortening. 
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AP 

{horizontal 

reaction) 


(a) 


P + AP 
{applied force) 



(prestressing 

force) 


AP 

(horizontal 

reaction) 




(b) 


Figure 6.29 Horizontal reaction effect on prestressing force, (a) Hinged-base 
frame, (b) Fixed-base frame. 


>2 + ^ 



Figure 6.30 Tendon profile in a prestressed frame. 
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e>.<j>lD.15I. Design of Prestressed Concrete Bonded Frame 

Q8rnimrie>.ri: single-bay portal frame t{Um3{?fli3 tutu 

HlSSTHMSIfi standard double-T-section Si3WMramnml3nJ 1 Ht3fiH8 

U su Li ct cuj n 1 

fTlPi double-T tSStflSSSti 8/t(2.44m) 1 l|ffji3UmsstflS clear span 80/t(24.4m) ttjjffiftJfUIH 
SlltJSfiSSinimtaJnTaitinM W, = 240 plf (3. 5kN I m) St3fdH1G8|tU?nHSriJltlRnTiJltinMttlCU 
B1Smi3fii3Mt?i p w = 65 plf (0.95kN/m) lSl||im^|tJfmHSi3SriJ8jCUtJfi tTPtms1|?im^tlCUHS 
TUfljJHSl3Sri38ItUtJfijl3S!ri3H1G8TCU p, = 40 pi f(0.5SkN/m) uUUi3inUSlRi3Jt)S 5.0191 MRH 
fiCUlSIipti, prestressing tendon profile, S 13804 lirufU prestressing tendon fiJ ]Jtn II ETU fi 8 tin 
service load St3 ultimate load 1 81l3t|fTimSgtjlSSStIJltlCUimmffi: 

f pu = 2 7 0 , 00 0 /w / ( 1 , 8 6 2 /V/ Pa ) fdj4flU low-relaxation tendons 

f ps = 235,000 psi(l,620MPa) 
f pi = 189,000p«(l,303MPa) 

mmfmtifura = 21 % . RtniHumTmffiincuHsiRRHimraRiaTfTiaHffiis = 17 % 

1 U 1 n su U 1 U u 

f pe ( HtiHS) = (1-0. 17)1 89,000 = 156, 870 psi(l,0S2MPa) 

f pe ( Gi3t{fTlffi) = (1-0.21)189,000 = 149,3 10ps/(l,029MPa) 

f' c = 5,000psi{34.5MPa) 

f c = 0.45 f' c = 2,250 psi(\5.5MPa) 

f' ci = 0.70/’ c = 3,500 psi(24AMPa) 

f ci = 0.6 f' c = 2,100 psi(\4.5MPa) 

/ ft .(R[lJTl CUlty 13) = 3jf\^ = Yllpsi 

fti ( S L H) = 6-777 = 355 psi 

ft = 6-777 tSl 12^/77 = 425 tgl849/w;(5.85MPo) 
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W L = 240 plf 



Figure 6.31 Portal frame in Example 6.7. 
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(Preliminary analysis ) 
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tssmtns y = o.i9 i 


fiJSfi concrete topping n j4fl£ii 2in. ( /' c = 3,000 /rv/ 9HS]MltU) , insulation Si3 water- 


proofing 5 psf 1 


flfjwmufitifpfitiimtiSsfinnir 
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W SD = 


( 2 ^ 

— xllO + 5 

12 j 


8/t = 1 87 plf 

/ 

IfiMnnnnJimilH BCfi 1 concordant cable iflniflTnfinmitiinHBTHWlHtTlMTHIUBHBliltii lP n 1 

superimposed dead load W SD SH live load 

rigid portal frame 1 C-line [nJlPi[nSlfi3R1tjlHtllSr3 cgs line iul til fill i concordance 1 yOtSS 
JTJMBra W D = 600 plf ISlgnfdHfTIJ 6.9e HHtintuTicutcyiaH 
M = 


— C, I wV 
8 


KtttSS 


_ wl 2 _ 600(80) 2 

D ~ ~T~ ~ o 


M 


m sd - 


■xl2 = 5.760x10 m.-/2? 


1 - 0.064 ]l 87(80) 2 x 12 = 0.876 ■ 10 f 


in. - lb 


M l = 


f\ 7 

— 0.064 


240(80) 2 x 1 2 = 1 . 1 24 • 1 0 6 in. -lb 


fiJBR f t = 0 , USltlHR nfdHfTlJ 4.4b (section modulus) HUJUItnialMIlMBlti 

t T ffl H ft! T ffl U H 8 ffl ?i T' U ft] S ffl Cl T Fi f tfl S t HI tU' f wl til 

Li Li 1 Li rfl Lry 

(l -y)M D +M SD + M L 


S h > 


ft ~lf a 


II 


p (l- 0.79)5.760 10 6 +0.876-10 6 +1.1 24 - 1 0 6 . 

S h = t t = 1,935m. 

0-0.79(- 2,100) 


HSHimtitllHlS section modulus IfiTJBtifitHBltiltlJfi PCI 8DT32+2 Double-T TUIfiB 168-DI 

l eJ m U 

DjlHtllSfci concrete topping RjHlfj 2 in. 1 


Properties of Preliminary Section 


Property 

Untopped 

Topped 

A c (in. 2 ) 

567 

759 

/ c (in 4 ) 

55,464 

71,886 

P-I C IA C (in. 2 ) 

97.8 

94.7 

c b (in.) 

21.21 

23.66 

c, (in.) 

10.79 

10.34 

5' (in. 3 ) 

5,140 

6,952 

5 6 (in. 3 ) 

2,615 

3,038 

Wo (Plf) 

591 

738 
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e e = 8.21m.(20.9cm) 


e c = 17.46m.(44.3cm) 

Stress-relieved strand 270-K Htlfitari 1 / 2m.(l 2.1mm) QSS 16 
A ps =16x0.153 = 2.45m. 2 (l5.8cm 2 ) 

i <* tu U i U 

(a) HSfnnrnimtuftua ( =1 7.46m. ) 

1 Cl C? c 

M n =5.76-10 6 x — = 5.673 -10 6 m.- to 
600 

U3EU 591= 567 x150p// 

12x12 

nMHfT114.1a 




r 


A, 


c V 


2 




M 


D 


r 7 


S' 


Zfti 


p. =A ps f pi =2.45x1 89,000 = 463, 050/Z? 

t _ 463,050 ( 17.46x10.79^1 5.673-10 6 

i ~ 567 t 9X8 J 5,140 

= -347/wi(c). HSitiRBItimni O.K. 

Cl e* fcJ 1 l_J -o 


nrjHfnj4.i b 


P; 


h=—T 


1 + 


ec b 


A c v 

463,050 

567 


r 2 J 


M 


D 


1 + 


17.46x21.21 

9X8 


5.673-10* 


2,615 


= -1,740 psi(c)< f ci = 2,100 psi 


O.K. 


(b) HSfnnfntSBfH ( e e = 8.21m. ) 


f = 


463,050 8.21x10.79 


567 


1- 


97.8 


-0 


= -16.9 psi(c ) , HSJUfTUSini 


O.K. 


fb = 


463,050 f 8.21x21.21 


567 


1 + 


97.8 


= -2,21lpsi(c\\5.1MPa)> f ci = 2,100 psi 


HBumintiinsim 

a s 


E3t5ts8 iRTRiuBmBtnraMRiniaiTURaTinaii^miHimiiJmniRiaTsnasjHBMRitiiniiia 15% n 

V L»u o. njU]U UiUcui-iU 

ttaOTH UtilWUJBIiniRSfiJTJW tendon 1 njMBItfrfiHBifiUtBRIBMinJRHB UJltimnfflUjRtTTJRti 

U M(U Cl l* U 1 Cl 19 - 1 Li 1 
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tmtiUBHBMmtijtTJlJti 0.15 X 80 ft = 1 2ft(366cm) nS|H !tiHJ|pfnJia anchorage ITJW grouted 
strand QSSUS 1 IffitiSSCUtilS 


?m mamuajtimij 

ijjjmwm doubie-T Emitted pm pm stigtiHitTi stj s b finfiimmtmipmpl 

stiqurntp si35 r nnmaiHimtti&itinaraMH8fnRT u^nii^mtmnHtnBMBHtsi i b =i c 
nafnraimBiiHHnjifnnlarmfn (stiffness coefficient) k n mm tie timssmmTtjfmlfj 8DT32 
ititUHlSSTH hinged 1 Ht3numTJSt3tamPHt3Rmmirdt3mt3tlJmcmHSt3USfifTlHHfiia Si3HHi3 

U n cuJ e» n n U rJ v 


nTinmitJmraRarmtinaHSfnniJtsuiJiiTiiBlnaiug ej.mb taimfuinfuHsrnnnH stansmei 

U U i Li c* ] V in ct y UUlJi ct i 


MBntslHmiUMBTUfi9HBIBIlJmTURl3TmaTHHMmtilHmBa cgs line luirnMnnHiuiBi 

v* O Li ] is Li 1 Li Liu | ct u O 

fmmaiQR strand UflHJHBInmnBltnH 

1 


WmnJTtilTU lox-relaxation strand 270-K ItiEUHISHtififafi l/2in.(l2Jmm) QSS 20 

W Li n V- V / tJ 


A ps =(16-4)0.153 = 1.836m. 2 

P t = 1.836x189,000 = 347,004/&(l,543iUV) 



= -1,701. 6 pis < 2,100 psi O.K. 



WWJ1 


e r - e p = 0 


A = 20x0.153 = 3.06m. 2 

p. = A ps f pi = 3.06 x 189,000 = 587,340/Z? 


P 57R R40 

f t =f b =~-r- ± 0 = P— = -1,020 P si{c)<f ci =2, 100P O.K. 

A r 567 
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+ 


,2_ i 


1 W 


dia. 7 wire bonded strands 


4 - 


4 — 2" dia. 7 wire strands debonded 
12 ft from supports 


(a) 



3 << 




3’-7 j" ■ 


42 ' 


4~20 -2' dia. 7 wire bonded strands 


lb) 


Figure 6.32 Details of beam and wall double-T’s in Example 6.7. (a) Horizontal 
beam standard PCI section 8DT32 + 2 (168-D1). (b) Vertical wall section 8DT32 
with twenty £-in. dia. strands with e c = e e = 0. 


[IfrJmpmnmpnti/mijSsffanir 
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aiipfirrmimtfmn service load 
GH BC 

c * 

dtumimtumsmusntfirn w n 

c* cJj L' 

MBHtiiraiiaiUMnHtJinTtinun 80-1.3 = 78.7/? 1 tSISHHtintlfncmtumt 

M e = — = 591 ( 78 - 7 ) x 12 = 5,491 ■ 10 6 in. -lb 
E 8 8 

|TjBRHtSl[Fii3 column-wall bracket support R 
7R 7 

/? D = 591x^^ = 23,256/Z> 

2 

ulimnmtUHlS composite topping W SD 

H1SHH13RQJT1 CUlty 13R M SD = 0.876 -10 6 m. -to 
HHr3|Rt3S^HR 

,2 

M B = M c = — 0.876 -10 6 

8 

= 1 87 (80) x 12 - 0.876 • 10 6 = 0.949 • 10 6 m. - lb 
8 

mifoijfcffffffiitfffijJcn 

V w V 


mtflS d =32 + 2-2.5 = 31.5m. 

* UimtafniNl3R = 2x4.75 = 9.50m. 

ct n 

d p =c b +e e = 21.21 + 8.21 = 29.42m. tJ = 0.8/i = 0.8x32 = 25.6m. ttfltU 
mfiHmnmuJwtiti'iti titnas d„ = 29.42m. itfimwBniTtJuJnBHm2#5 ruTHimtlmssti 

X) V /' ^t. Li LiLi] 

HffitSlTRi3ttiflJt3mjrUi3fi St32#7 Ri3tBl3TgSl3HffitSiT?1t3tt3RJi3fnJSinitSGH StifUMJ 1 

U Li c* n ot Li l x) Lj c* -\jc* 

tffiUsscutns 

w 

A’ =4x0.305 = 1.22m. 2 


m = 


A’ / 


y 


L22 x^°°5 = 0.0489 


bd f' c 9.5x31.5 5,000 

2 


A s = 4x0.60 = 2.40m. 


co = - 


A/. 


■■s-' y 


_2A0 — x 604300 _ o 0962 


bdf' c 9.5x31.5 5,000 

ran oj p =(A ps ibd p \f ps i f' c )= o t^mrmnSm|unl3^nl3Hsitims1^mQ^t3mrj 
portal frame 1 USIUHR + (<i / d p \co - co') = 0 + (31. 5 /29.42)x (0.0962-0.0489) 
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= 0.0506 nuim 0.24^! =0.24x0.80 = 0.192 >0.0506 1 titttSS s t > 0.0075 ^ 


a = 


AJy 4x0.60x60,000 


0.85 f' c b 0.85x5,000x9.5 
3.57 


= 3.51in. 


c = = 4.46/«. 

0.80 


: 0.003 


(d t f 


f 31.5 "I 

-7--1 

= 0.003 


{c 7 


U-46 J 


= 0.0181 


1000f, =1000x0.0181 = 18.1% <20% ttiRRnJlRttitlJHBriTlR. O.K. 

l l m 

ItjRHHtiiafalniiiJwTnftnBfTiHUBmiMBa 12% tsImimimtlmufihTEntn 

tfciBs irarammraa!t5RHHtii9Ta?fn 0.12 MrmmtiiHHtirimBTtiafi ia ctsiRnintu 

V Li 1 TJ vJ Li <* v Li 1 n 

itumuMirma 12% 1 ubri iRnnrauBsiiJnMTHiumiHmniaiTHtiHimsiaitiiiuMiTma nfimiR 

C Li t) ot u Li cii Li C3- Li Li 

TRiMRnfl[mBlUB«lJRIBl«BHTtitlitlI9niriRaRintiIHHtiraiaRB 12% IBHHtiBTHJUWHtifiltiR 

L*u O <si w n &} ca v v Li n 

ISlRtUTltmcma'I ISIS M b =M c = (l-0.12)0.91910 6 = 0.809 10 6 m.-/fr 

ItlimHHaRnjntllltliallJtlllRRTHi = 0.876xl0 6 xl.l2 = 0.981 10 6 m.-/6 SttTURRHtutU 
1RRC1 superimposed dead load ISl |Tii39[H R SD = (l87x80)/2 = 7,480/Z? 1 

8afnnmnJi9UBnmtff w L 

HH^ISiRIUntllltliaR =1.124 x10 6 in. -lb 1 titHSS HHtinfiTfitiSTHrafjGHfi 

240(80) 2 xl2 _ 1 6 

8 


=Mr = 


= 1.180-10 6 in.-Zfe 

HHijlHSTlMBIRfiTHf M r = (l-0.12)xl,180xl0 6 = 1.038 xl0 6 m.-/Z> StiHHi3R[UllEU 
ItliaiRRTHi M, = 1. 124 -10 6 x 1.12 = 1.259 10 6 m.-/Z? 1 njfiRHUBRHITjnBlTfii39TH[ffiIR 

c? Liu Xj u vt u u 

240x80 


*L = 


= 9,600 lb 


Sa/ntimrraajBmsjaj 

nfdHfTIJ 6.1 lh St3 6. Hi 

m b = (Q ~0.5)ph 2 
M c = -(l - Cf)ph 2 
nmattte 

h h 


k = 


Ic l 


= 0.45 filftnu i b = i c 
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ntijijjrmntirus s.los MfH'roisjima c 4 , c 4 - 0.73 
ffffti m b iBit^naiTffBUffajsjamn 

M m = (0.73 - 0.5)65(36) 2 x 12 = 232,502m. - lb 
M b2 = (l - 0.73)40(36) 2 x 1 2 = 167,96 1 in. - lb 


M b ram = 232,502 + 1 67,961 = 400,463m. - lb 
fftfii m c tsIftfmuflJBsmiBstigMsrnjuFt 

v c* eJ 

M cl = -(l - 0.73)65(36) 2 x 12 = -272,938m. - lb 
M c2 = -(0.73 - 0.5)40(36) 2 x 12 = -143,078m. - lb 


M c ram =-272, 938-143, 078 = -416,016m. -to 

m w =4i6,oi6m.-/z? ttfirafinisjnimti 

unnsnaran usimstn 

n 'oi 

nfJHfru 6.iia TtiHnHmHgMumTnalrniaBimtiA atj d itJwuiuntiiHnrisTtiiR 

U ^ tuJ Li 1 n eJ 


2x80 


1 . h 


R W d = + — ph — = +85 1 lb 

fftfij smamttwumwnffgnnriminnftfi] 

tf + n mf 

BBtfttiwgumffnjtsIftfnmtfGtftsIffitfsnnG b site ttinjumiuddunGutinuntirmti 

V C* / u / n Li I Li 

rar:rniuffti 

ras ej.tntn uuininmjrautuRHHUisilSHUfific 1 irmBnntUHaiHRanaiTtinarsna 

V in -o v n U 1 ci cu U 1 Li 

Jtunn&UHtms imtimB: 


f pe \ = 156,870/75/ 

P e nnmtllta =16x0.153x156,870 = 384, 018/Z/ 

P e [fU3S|H = (l6-4)x 0.1 53x156,870 = 288,013/Z? 
uuamuntujtua Mp = 384,018x17.46 = 6.705-10 6 m.-/Z7 
HHiHWBfH M b = 288,013x8.21 = 2.364 10 6 m.-/£ 
BnnrnSmalrntiHsmnF ItinjHiBftimrafitiTmtiuBHBMH (debonded) u 

IS U 1 Li ] Li w h v ' 

e F =(17.46-8.21)— + 8.21 = 10.99m. 
v 2 40 
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iuimHH£islTfii3H8mHF n 

V Li 1 

M f = 384,018 xl0.99 = 4.220 ■ 10 6 m. - lb 
MpItJtUtimtiSUJimwiIfnnHaMnR 288,013 X 10.99 = 3. 165-10 6 *'n. — /& 

r 1 H 



De bonding 
zone 


3.166 X 10* in.-lb 4-220 X 10* in.-lb 6.706 X 10 s in.-lb 

«W MeS xWM 

2.364 X 10 s in.-lb 

<b) 



M a 


‘^1111^ 


5.401 X 10* in.-lb 
(0.62 x 10 3 kN-m) 


W) 

Figure 6.33 Bending moment diagrams for primary and self-weight moments for 
beam BC. (a) Tendon profile, (b) Prestressing moments one month after initial 
prestress, (c) Effective prestressing moment after all losses, (d) Beam BC self- 
weight moments. 


HHtiiStutnsin service load iTmmititiinunnutigiiaHMinaiJBmanrnH: 

V Li V U 

f pe =149,310 psi 


[pJmpmnmpniJ/pdSsffanir 
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fpe< f pel = 149,310 =0.952 

Jpe Jpe 156)g70 


M f = 6.705 ■ 10 6 X 0.952 = 6.383 ■ 10 6 in. - lb 


- E 

1 F 
1 FI 


M F = 4.220 ■ 10 6 x 0.952 = 4.017 ■ 10 6 m. - lb 


M cl = 3. 165 10 6 x 0.952- 3.013 xlO 6 in -lb 


M b = M c = 2.364 ■ 10 6 x 0.952 = 2.25 1 x 10 6 m. - lb 
mtifurffimtimi/iG b sti c mmGmrmmwmffsfGBmittfmtirmitBtnrs 

l c* U / ct U I n OJ U 1 U v 

HJ§tU 0 = — - — [Ml\ 

E ( :h> 

iBHTinmariitiiuMiJnTmHHHSMTHiumRnninwitiitiiiJimtmiMiHTB (i) unmnmimnj 

eJ u w * cJ Li v Li n c ] Li x ' v n 

isra 5. mm (b) islsamnnimimisras 5. mm (d) sa (ii) unmnntimmisras &.mm (c) igfsa 
mantuiimisras 5. mm (d) i usitiHRtlR (ii) n (i) tBHjSswtnsm|mmrj|ms1[Rl3Q[iJiQ b y 

S13C ITJM portal frame 1 

imams: 

(i) 

6E c i b xio -6 = M( f y iBltnnrihajagH 

= 2. 364xl2x 12 + (3. 1 65 -2.364)xl2x 12x^ + 4.220x28x12 

+ (6.750 - 4.220)x 28 x 12 x - - 5.491 x 40 x 12 x - 
v ’ 2 3 


= 2,233.49-1,757.12 = 476.47 


(ii) 


9E c l b x 10 6 = l]jT1HHin service load 

= 2.251x12x12 + (3.013 -2.25l)xl2xl2x| + 4.017x 28x12 

+ (6.383 -4.017)x28xl2x- -5.491x40xl2x- 
v ’ 2 3 


= 2,126.21-1,757.12 = 369.09 

HiSwfliBlTniatsnmifl uatmac lammanmimausmnmanuRarmaiatiJunoitijn 

\ 0 U 1 -v* 1 <vjuLiiLi ei 

mmnuijim:iritij!ian 

— *— (476.37 -369.09)l0 6 = 107 - 3 ' 1q6 
E c l b E c I b 

EJMBiuM r ^HHanmsIfaaanfitijinBHjsuHaammmlnj isismtns 
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HiSlM g = MAH= M r x4m 

EJb E ch 

iratitns 

PI Cl ct 

107.3 -10 6 480M,. 


E Jb 


E ch 


w 107.3-10° „„„„ 6 . „ 

M r = = 0.224-10 b w. — lb 

r 480 

iitiftfnJWBnnuntmtirmtmnjittiitotiitmr creep bo shrinkage 

(a) Creep 

P t = 463,050 lb 
P e ISlintU^gjU = 384,01 8/Z? 

fltiimitunafninn creep force tfiRtHHtnHIB/’- Si 3 p. titnss 

net A cu U ‘ E V 

1 


'CR 


A C E C 


\( P; + Pf 



C 1t 

LI 2 7 



mmHRIlil creep C u = 2.25 


E c =57, 000 fjf = 57,000^5,000 =4.03- 10 6 psi 


£ CR — 7 " 

567 x 4.03 -10 6 


463,050 + 384,018 


x 2.25 


= 417-10 ~ 6 in./in. 


J 


(b) Shrinkage 

nrjHfnj 3.14, shrinkage strain ninnithahinH c motTjnrnminwHBifiRtntiiTijRia 
T?fll3) rnithSCUHtUfilttmtllR 

Li V u cfc Li 


s sh =8.2-10“ 6 ^ 


SH 


1 - 0 . 06 - 1 ( 100 -/?//) 
s 


mamomss v/s = U 9 , tuira|tiMatutrai 3 MaHt}i rh=15% , tsignmnti m.S tatu 
njunutJiiunmintu cnottiisltltu 9 gn k sh =0.45 . tmiatna 

e SH = 8.2 ■ 10 -6 X 0.45(1 - 0.06 x 179)(l00 - 75) 


= 82.3-10 ~ 6 in./in 


utslSS deformation strain fJJUlutUUtljTlCUn creep St5 shrinkage n (417 + 82.3)10 


-6 


= 499.3-10 “‘Win 
nMHfnJ6.i4 

M b = M 


3 E C I C n 
C ~ 747 , £ bc 


[2k + 3) h 

IHtjnJimnlatmm (stiffness coefficient) k = 0.45 3tiE c = 4.03 -1 0 6 psi 1 tiBRl 
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M|tnUHant51RtjmU I c = 55,464m. 4 , titilSS 


„ „ 3 4.03- 10” x 55,464 ^ nn , ]n _ 6 

Mr, —M r = -, X499.3-10 

B (2x0.45 + 3) 36x12 


= 198,724m. - lb = 0.199 -10 6 m. - lb 

HHiaiiJtiiunnitiiHnrifiBntiiimlintiiifaaauiSHRaTmamtTiialitislianaiuMHanutTiTi 

V n a niU^j^c* n tuj 

smtimm^nHrarjHarntJn ^ tiitf)ra9 inninnHunnutiuJimtini elastic shortening tmratna 
M|nm 

usmfimwmjwti (e r = 17.46m. ) 

M d = 5.491 ■ 10 6 in. - lb( 0.62 ■ 10 3 £iV.m) 

M sd =0.981 -10 6 m.- lb 
M L =1.259 -10 6 in.- lb 
M r =0.224 -10 6 m.- lb 
M cr+sh =0.199-10 6 in -lb 
I|rnmRUTinUiaml3HM P e =2.45x149,3 10 = 365, 810/6 


Superimposed moment Pi 


M t -M sd + M L + M r +M cr+sh 


: (0.981 + 1 .259 + 0.244 + 0. 199)l0 6 = 2.663 • 10 6 m. - lb 


fb=~ 


e c c b 


r 2 J 


M d m 7 


365,810 

567 


1- 


^ be 

17.46 x 10.79 A 


97.8 


5.491x10° 2.663x10° 


y 


5,140 


6,952 


f 


= -ii2 psi(c). HBiamimij. 



r 2 j 


Mi y) A/ j 

~Y~^ C 


365,810 ( 17.46x10,79 ^ 
567 [ 97.8 j 

= -854 psi(c)< f c = 2,250 psi 


O.K. 


5.491 -10 6 
5,140 
O.K. 


2.663 -10 6 
6,952 


(e e = 8.21 in. ) 


M D = 0 
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M sd =0.809 I0 b in. -lb 


M l =1.038 10 6 in. -lb 
M w = 0.4 16 ■ 10 6 //7. — /Z? 

itflHJHBRtramtU relief moment iutUmifTlEUn rotation, creep Bti shrinkage iuCUU^ 
iHiramBfitirmtiMtiR i tic r 

i U n v u* i U U 

-M t =(0.809 + 1. 038 + 0.416)l0 6 =2.26- 10 6 in. -lb 

Sl3C TjHUHtiirmH virtual 1 P e fdjjmu 12strand 
lUnmintURUTlHuS = 274,133/6 Wlttf 


?=-- 


274,133 f, 8.21x10.79 


567 


1- 


97.8 


2.26x10° 

6,952 


= +280 psi{T)< f t = = 849 psi O.K. 

^mtJnnHmMTHiugngwBaRarmamrngiaHM i item 

Li ] Li y ct 


/*=-' 


274,133 f 8.21x21.21 


567 


1 + 


97.8 


- 0 - 


2.26-10° 

3,038 


= -2,088 psi(c) <f c = 2,250 psi O.K. 

nMHfTlI4.31d 

M u =1.2x0.809-10 6 + 1.6(i. 038-10 6 )+1.0(0.416-10 6 ) 
= 3.05-10 6 m.-/6 

= Mjl = 3 - 05 ' 10 =3.39-10 6 in.- lb 


M n = A sfy 


<t> 


d — 


0.90 


MBHItftinMHHij d-a!2 = 0.9d = 0.9x31.5 = 28.35m. 


ISIS 


3.39 ■ 10° = A,x 60,000x28.35 


A = 


3.39-10° 


= 1. 99m. 2 (l 2.0cm 2 ) 


60,000x28.35 
A J y _ 1.99x60,000 


0.85 f' c b 0.85x5,000x96 
= 0.29m.(0.81cm)< hf = 4in. 
titsiss nntiiHSfTiHtiHimim 

V 1 1 

d - 1 = 31.5 - ^ = 3 1.3m.(79.5cm) 
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A = 


3.3910 6 


= 1 


.81m. 2 (l2.3cm 2 ) 


60,000x31.3 
imttlR 2#7 ( HtifiBfi 22 mm) Rt3TSSi3^i3SHffi!n 

U n is- ct U i u 

A s =4x0.6 = 2.4m. 2 >1.8 lira 2 O.K. 

mil stifitifmti&mmwf&fititjmitifjfjr ab sti bc 

V j Lj j Li ct cj- 

usmtJiffifitutsiiSfiifijm 

r d + r sd + r l+ r w= 23,256 + 7,480 + 9,600 + 85 1 = 4 1,1 87/fr(l 83 kN) 
t£3lffifi3SfiQ[imRBmMSl3 15m. ISISHHti Mr,fntlJtjl 

s^> IS. 71 ix E1J 


M d =41,187x 15 = 0.617 -10 6 m.-/Z? 
M sd =0.809 10 6 in. -lb 
M l =1.038 10 6 in. -lb 
M E =0.416 AO 6 in.- lb 
HHlifiiraii 


M T =(0.617 + 0.809 + 1.038 + 0.416)l0 6 
= 2.880 40 6 / m -»( o . 33 - 10 3 & V . m ) 
fi3THltitinfll3Hrat]R?mnS 20 strands 

U cj- u n 


p e = A P sf pe = 3.06 x 149,310 = 456, 887»(2,032&v) 


f b ( ) 


A c A c S b 


456,887 41,187 2.880-10 6 

567 567 + 2,615 

= +223 psi(T ) < 849 psi O.K. 


/, ( td 8113013) = 


A 

A c 


P M r 

4 5 f 


456,887 41,187 2.880 10 6 

567 567 5,140 


= -l,439psi(cJ?.9MPa)< f c = 2,250 psi(l5 ,5MPa) 
uGlSi ITU double-T section 8DT32 fdTHItidnilillultinTt) 7-wire 270-K low-relaxation 

V U Li m- Li 

strands HtiRtafi l/2in.(l2.7mm)t3SS 20 ItJtUHUtUlJt5UiJUni3lni3IU9 e>.mta 1 tiBmiTU 
double-T section 8DT32+2(168-D1) fdlHItigH AB 7-wire 270-K low-relaxa- 
tion strands lutUHlS strand 4 12/t(3.66m.) ntdJTJMSJH 1 
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ras utfimsftj{3EUH?irafj portal frame rantinuRtiTtna i frumnnEitinsi 

V U) MU IU A 1 l_l 1 l_l *J 

MiuHiBmnnaaafruMniiminm vertical wail brackets, iiMMijfitritimn nMMtiminn 

i a O i n cu i n 

UliJia StiTHfinSfiT serviceability Rtititil&lJHfifindtafinfltitiH BtiMWlttiUJTB 1 

nLnjU J v tjct U 



Figure 6.34 Sectional elevation and connection details of frame in Example 6.7. 


e).9m. miMnfmnnm Amro nnnntagH BtttptiHannnn 

Limit Design (Analysis) of Indeterminate Beams and Frames 

miJnitnBntnnurisialWRUiJinitifTiiMRjiHimBiMtnHiTHraMHSfnn titstiiBSfrm 

c U in m u U i u i 

RtUTlCUttya (redistribution factor) p D M|jnu 

fnntjTOmHniRiidtmjntfiJiGtoCu^cutmrattjifficode i tHnnnfnntiiuMantjiliJRfnHuuinim 


HRjiiJnitnuimatHfiJimaltRSRua^uiiJnntms^mBtJtnutnaRtHHimHitusiBltRtiRuaiBi* *i 
InRn^BiiuuiasHatiitnBTHfrnifiinnisTtmmnH uirma^utmBBnniimiJtiitnBTUMBfnn 

Lru U ct -va U n U O 

tfimms itfimimnnHaRnmrfniaiBmBTaJrTiinrTiitiirTitTmHHin ultimate load i tSiturmrasn 

X*J MM MU til 


tffijmjitmffitmtiitntimniiflti 
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HaiHamaimi3uat3Hi39iinHiJnhTt^i3ufl9ii3H[iii5rniiJ[iitii8fTinn[mHiuMfi imsHSfnmrms 

in vJ n n v U U n w c* e» l U 

taintjtStjTESl Tfit3STH UIBlRlBnjtiltJMITfi'lti luimHlStlltnB 

ot y Li Li *\* Li l Li n Li 3 yr 1c* 

RtHBltiWMTtnURlJHBifi filSintilMts (plastic hinge) TStf mBUlSmafti 1 TiJMSraQSS plastic 

m U in 6\i eu o, ' l»u n vJ U w A 

hinges ItinnRfitnBlMBBBmnHBRnJlR (indeterminacies) lS1SJBS1hlHSSt3fritlJtili;T^t3Ul3R[Uiei 

0 ^ u x x ncsiuUiJn 

IlJtinninBHBfHrnifuaiBRHHtilBfaltTlirirmtlim (full redistribution of moment) IBllWITRiti 
umsistns 1 tilHBIBafnraiSRMBflRUIBH mechanism tuEbGvfltlJ 1 

n u ntu^UUncu 

1 1 

miMnn^mmn^anfliiftmrniinaiBRHHiaisTiaJfTiititiiitiirn (full moment redistribu- 

yJ U U n tjvJ-o "nj v 

1 

tion) |HftnBiminBIUlffl*tsl frulfriRiJMIj (plastic analysis) UmflfnfiRnJlfi (limit analysis) 1 
l^mrmnURm|USfiht38im[]TIHmnUSmmrdG (high overload) HRMRjmimBlinBfllR plastic 
hinge IBlgRItiltimiBIHimHtifirafititnR UIBIHimflli3|RUtmBIBl|RnH8R1RmtiHMIlJimRlR 
tiara uuiSBRiRimttJRitJimHBiBtinmtnBRiitiiMuinitT?i3TRifniuMHi3R i RijmuifiMtntnTfi 

€ 5 » sunU~on U 

HSfflfiRIHCURan: flexibility IB*HBH1BIBIBltJlBM|]mUR1IMf^RnilBlI|R)aufi!tJR tSthSfflfl 
IUM plastic hinge “[RltilSSSCUn mechanism tofURtUlfituira upper bound solution Si3 lower 
bound solution 1 

e>.9fl1.n. Method of Imposed Rotation 

SfflflJtlfj plastic hinge |RRMmBaBRiaiUMHHtilH9J1l5BHRnitnM|jnTOB}tBUBR 
SSim StitJSRSTCU 1 9Riami3IB«RRtnBIBlTRti9THR[lJntlIIUMBHtilU URlSTtihlUM beam- 

-v» fcJ Li Li n c* *vA Li 1 

column IBlTRlti tiBIUJmiBlRti portal frame ISHIS 1 ttfimiBtiHItJRITJ (a) ttUJtJ (b) tR 

U y -\i <=t a y <?yy^'y^' 

R5ratmaBnMtslHHtilH9nMBHRUIH1IRRH1BIBlTRtiRlBTtia C 1 UJimtmiHHtitilMBtilHHla 

-0 Ed v vJ <ii Ll U 1 y £U Oi y 

mSH (magnification) ISiiWHHfltHgjlMti tBlsgfliaMtjnURinRRtnB plastic hinge 

tthmimnTR^auteTR^auflHBRnjiRHmSiTR iBi*tnBiRMBiRHmmnjn*iRRtnBiBiit3 

Li U n Li U n u U m u i run 

1 1 

irmaA5citJwtiiiTRiaiBHMTtnutJiRMBiR tiBirarmBlRtiiug s.tni^e) tticuTRftnstjfltcugmH 

U Li U m V -va <=* y v 7 Liu 

WtJlUtBRinRRHIB plastic hinge 1 
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IBmWHBialntilTJB 5 . 016 ! (e) HISGSSHSRtUlfi 9 titttSS plastic hinge CSS 9 THftna 

ne) <=* U Ii v 1 0 W L/u 

uiSmafa i msifis 10 inimmirafaufimmiffltji mechanism tt 3 cujcu i Gtimfri inHBHBtmn 

nvJtu c^UUinsu l m 

wnmuiSn plastic hinge iBltntinnjnrofwwuMHtifluJmg i 


-Gravity load 



(a) 


Wind 



(b) 


1 

-o 

c 


(0 


(d) 



Figure 6.35 Imposed plastic hinges in concrete frames, (a) Gravity-load elastic 
moment, (b) Wind-load intensity moments, (c) Hinge 1 at C reducing frame to sta- 
tically determinate, (d) Basic plastic frame, (e) Succession of plastic hinges in 
two-span, two-level frame. 


HHtitgMBitJtmniiHiaialniaMmn 1, 2, 3 ,...,n fnftnBMtntiiuJim X\ . x 2 . x 3 ,...x n 

tJBIB* ufflftB strain 

L»U va> aJru Li U pi u Li Li y 
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energy Mill U mftJSi3HHi3tnMt5tt3CUri3SFi X t tSimtirJSIR i H1SmmMSi3Hj5tUtnMmslT?ii3 

i U v eu & Uru iu i o nj * U 

fdsimsis 

m 

SU 


SXi 


= - 0 ; 


(6.16) 


TUMSramrJSfi S ik til relative rotation ISlTRtifdSIRS i lJ3nJ!inil1tUnHHl3Hffii]R?niSlT?ii3ri3S1fi 

Li ys* IK, Li m n v u n U (u 

9 k 1 n reciprocal theorem TOW Maxwell S ik = S ki 1 imHItmUTlmROn S ik 'u'lrH n linflSnCU 
(influence coeffeicient) UHj|tUl^|?iaH8fTlRniMMlJlWtinil1tUn 

tt3cu 8 ik =- 0 i 1 

v n Li l O U IK. I 

ntffltlJfTlHmJTJM virtual work 


$ik £ J ( 


/ MjMjc 

o EJ 


tiGlSS 


*1 


lM ' M >d.=-0, 


(6.17) 

(6.18) 


Jo E C I 

Hl38ii3ral3rarjri3Hfnj6.i8 uiiiniriinainTfTiwigtitiinimraMTngriitiiaiJnTmHHHti m, sia 

pic? in -o U i UvJ<sieJLiw i 

HntillSlStijlflTIHHHti M t 1 tisfd S i0 StiS ik fdjWd 

M k iffiiasstutns 

K. u 

S i0 + X ^ ik % k ~ ~@i ( 6 - 19 ) 

k = 1 

JitJirasiMHSttituHis plastic hinge n iBiJiSiHiraftigl^i^auSMigtinimH: 

£l0 + 1 + <7] 2 2 + ... + Si n X n — ~0\ 

8 ^ q + §2\X 1 + §22^- 2 + •■■ + S^ n X n — —&i 


3,10 + 8 n \ X i + S nl X 2 + ... + 8 nn X n - -0 n (6.20) 

(redundancies) tJGSSHSRtlflR (indeterminates) 1 1lJimmi 

WlRUJJti BiaiRHIHi (trial and adjustment) ISHHtiWMG X\ X n ISiRa^timgjMltUlS 

fjHfnj 6.20 MTHiuHiSnitnMBHBrmHHHniintBMBimiJtiilniBtiiain 0, inBgwtnBHHiatnMB 

Uics'tu^im cu 1 v V ev & 

ISljRtiSTHGB Bl3Bl3MMIMTH1UfniMRnR[mBint^l3UflraRi3tiltlin[m:tnMB 1 IRTRillSMUM 

U Li ot 1 Li \J Li U Pi 1 3 CU <2i Lijj U 

mHHHRWMQ X1.X2 Xn loHjSStUtnSHj|tliiJMi3 0 X . 0 2 0 n ftinJIBIJnmffUfuti 

iBRHHtiimalniinniitiiiTiiaiBgitiiTR^anS 1 

V vJ-o v Li U Pi 

miUJl*UmmimHR[liirl|ntlI (influence coefficient) S ik IBlfitiMHfflJ 6.20 IfFIffi 
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e A 
5 ik = -f r l 
E; 


(6.21) 


ttiEU A primary bending moment M, ttnttf 77 tfimttfltStS 

uji|fTiHHHi3 m a . t^mris^ s ptstijipH m ; i tiigmuunfi tslgttras S.cnS msstutns 

influence coefficient S Ql tulUJtG superpose t S ujl jjTl H H H fi M 0 IS primary structure tjlHtffSfci 
uflTfflH X its redundant structure ttitUtRfitSlflttflffifriJtJtfltifiJSimtUS 1 1 tffiflHIS 

eJ U vJ n iu 

A = —la 

3 

itntfl rj t|mHS|ti^sHsrarj£3ji|friH m 0 =c/ 2 tsigtrafltns 


S 0l =-—\-la 


Ely 3 a) 




3 El 


-lac 


tPigStUfilS Ai nmns superpose ts redundant strructure Xi SSilfl 


A = —la 
2 

2 

77 = — C 

3 


S n = — — 

El 


1 (l , 2 ^ 

—lax—c 
2 3 


V- 


3EI 


-lac 


n n m hid 


M 0 


c.g. 


1 





/- 

( 3 ) 





Figure 6.36 Influence coefficient determination from superposing M 0 and X v (a) 
Primary structure moment, (b) Redundant structure moment. 
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mnti S.9 tatuslmn \MM k ds ftirmunniinniH influence coefficient S ik WTinumi 

ciwruJt'vU tu IK, Lj 

UB}ltiji35I3lJjl| j mH primary moment Sf3 redundant moment 1 fl •u'l'uSflJ fd {HI U HRfd ftp n tin SI 

namiuiSn BiaitteTimmwBiaMHfm 6.20 MTHiuranBiT^auflHannjinrauniinB 1 

ct n Li 1 Lj Lj el u u m Li Li 


Table 6.1 Product Integral Values \ M, M k ds for Various Moment Combinations El 8 tt 


\ •», 

h— / — 1 

II 


^1T 

Parabolic 

AT 

/\I 

m 






T 

1 If 

lac 


t' K 

1'- 

i/ac 

jMa + tyc 

T(\ 

lit c 
2 

i /JC 

-> 

i/ac 


$M2a+*)c 

^1T 

1/SC 

2 

If SC 

• 

I/*; 

3 

i* 

a ^ 

Jl(a+26)c 

Parabolic 

rv 

— isc 
1 

1/SC 

3 

1/sc 

3 

JL itc 

15 

T, 1 * 

^ Ma + b)c 

/\i 

1/SC 

2 

1/SC 

4 

1/sc 

4 

— /k 

1/sc 

3 

j/ t» + blc 

in? 

\ta Ic + rf) 

ita|2c + ri) 

5 la (c + 2tf) 

| It (e + </) 

>lc + d) 

\l [a(2c + cl) 
+ b|2d + c) 1 


W u l b/ft 


'tnuunuiinnH’ 

" ; if, ", ?t ; f 

, t 

I 1 I 1 

I 1 


(<) 


i*. 




(b) 




(0 

Figure 6.37 Primary moments and plastic hinge rotations in Example 6.8. 
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e). 9 tn.s. miRnjiRHjStuMmRtnMmslRtaGHtjiu 

1 e* RJ RJ c* ct 

Determination of Plastic Hinge Rotations in Continuous Beams 

4tatBqffiuimn a.mn) i trarasf 

1 c? CU fU <3i ctct O' Ct V 

simple-span plastic moment M 0 iHtUtllWlRlf M 0 /2 BS 


BtiHiSwrawMBifi gamituaitjRHHtiiaTiflrniricTiitiiiTiiRHHiB i 

1 «=» nj V vJ -o -\a -o 

titnmsitmtn: 

ir^auflimj^iTt^auflRngtjHaRiiiiH 3 unn tiBiBMnrflJuiSfiMmRBBBuirmHuJB 

Li U in UUmr> U tj UunniwU 


nnnHWHm MSfitfl mitfllBHHtmn c IS redundant moment IBlrntiBml3MBimMBl3HmaRSm 

'■'* Li cu '■'* tt C*l 

isis nranti a.® Btiwtjrm 6.38 


eis 10 =- 3 m 0 i 
EIS n = h 
EIS l2 =U 


EIS { 3 = 0 


nfJHfTlJ 6.19 


— 6\ — £ 10 + S\ i X i + S\ 2 X 2 + <^ 3 X 3 


-EI0 1 =--M o l + O.5M o 


"Ilf 


-0.5 M 


f 1 \ 


voy 


0 = 


tiBtnHtiiBtn nmnti a.® suras S.tntf 

v <=* o U v 


2 ( O 

EIS 20 = -M n l 
EI5 2 \ = ' 


°{ 2 , 

V 

f l Y c 


EIS 22 = 2 


eis 22 = 

nMHfnj 6 .i 9 


2 

V 2j\ 


V ^ A 3 j 

r 1 Y 2^ 


v 



D 

f 

n 

V 

2) 

V 

3 ^ 


—MqI 

3 

1 

+ — 

6 

2 / 

_+ T 

/ 

+— 

6 


4 1 A 


V 


= MqZ 

3 


Mpl 

4 


-O 7 - S 2 Q + S 2 \X 1 + £99 X 2 + £93 X 3 


— EW 2 = -—MqI + 0.5M 0 


22 ' 


' 23 ' 


fi') 


(2 3 


rp 


+ 0.5M n 

-Z 

+ 0.5M n 


v 6 y 


v3 ; 


v6y 


Mpl 

6 


rpJmpmnmpniJ/pdSsffanir 
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x 2 



*3 



Figure 6.38 Primary and redundant moments in Example 6.8. 


MTHlUfnnMIHTB. & = ft 1 StstSS HjSnjtnMBtntnifrslTRijBTHfi 

Li ] Li J 1 v le'tu^ L1L1 

MqI 


gtj 


ft 


— 


4EI 

M£ 

6EI 


= ft 


ttfimrmi ft <ft MmRBHmTRftnBtiiSn luimMmmiJtiiniuialntimimmmR 

z, i m u L»u n tu i ct 

M 0 / 


ft = 


4£7 


Qomtri inHitjiijnSiiJwitnialRaqmuiiim a.cJ islms limit design iBgHtiin aai|jna 
tiiuireBtiiBtnB i ut5m inTRinniiRMriTnHimtnBTRHTRiiiJimniHHamiaHMiBlitiniafnigirTi 

U v Ot Lry m U Lru V V c* -O 

IUMH 13 R ttamnitHnurimtinJin 

n v U 


Table 6.2 Beam Moment Coefficients for Assigned Moments 


Boundary condition 

Moment type 

Beam loaded by one 
concentrated load at midspan 

All other beams 

Span with ends restrained 

Negative 

0.37 

0.50 


Positive 

0.42 

0.33 

Span with one end 

Negative 

0.56 

0.75 

restrained 

Positive 

0.50 

0.46 
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miinJlBrinaitinBltiimHiraBfimwmiimiaiinposed rotations approach UJUJtnBISlnti 

ct ct XI A XI c* 

JpWJTJW Baker 1 Cohn, Sawyer Sti Furlong llSlUM 

Cohn nnDntllfiTHfmilB limit equilibrium SR serviceability tjTBUJSRnliTRnnSn j rotational 

Ljtj a j u Liw eJ 

compatibility STlHt‘[rnEIS 'llti Jtifj Sawyer FClh'JitU?i[H? nli IS limit equilibrium St5 rotational 
compatibility serviceability tffHltfTim 1 

ItiiiJfj Furlong tmnmmn^p ultimate moment M|H1UniIBmiI^RUBR^IpBraniBllti} 
GHtiimStUmnmtlJRgtinmrj serviceability S13 limit equilibrium rJTHIUm&tbHimnutifl 1 

ct -o 8 a J A l_j Li] 

HSmntHftnBn^ailftmilJRfnHnujUIlJtll ultimate moment strength M|jnu!tlIi3BHm513tili3 
mhJSia ultimate moment HRtJJHl M„IlJtlIlRHH1Bia1ni3ItlIi3 IBlltltUllJtlltsaintilniUJimiMJ 
wimiHRimHHlj k, MTtnUWn8[mTinftiB (boundary condition) ltiia5TRftnBUiJirmBlni3mni3 

IV A Li Q 2 u v xJ Lru Lfl -o ct 

&.l£n 


e).9tn.R. tijgfnmsHiSturaMMBifitJiMis 

O I o' (U <U A 


Rotational Capacity of Plastic Hinges 




(b) 


Figure 6.39 Plasticity zones l p in plastic hinges, (a) Tensile hinge, (b) Compres- 
sive hinge. 
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HlStU (rotation) £h Ut “[B U jjd HJ ft! i tn S tj ]W \ PJ (slope) fnHUUUnm|UliatJ)MtS (plasiticity 
length) SUJwpHW^IBlHUaMmfi 1 (angle of discontinuity) 

ifiaitintnMBiaHania1iw8iti[iinHmiaMmRtnMti , i fltsuijuniainaiug inHiaRimnni 

r~l l) 6U £U V LT1 "NJ U tU 

[UiHSR MBlfiffini (tensile hinge) StifdS'lRfdtSR (compressive hinge) 1 

ifltmnmnaiBlnaiTt^aufl c tiigifflMmmfltmrmstJin) mHlnjitJiraHstnfijuiRjlcufdsifisn 

ct u U n v at Uct u tu 

1 i 

irrhis inTRiinnnmHSfnmunaiBlTRtiMaingHtmnatummiMR (ductile) TPTtjTfnstnm 

Lru c i 1 Li tu w 8 c? v U U 

section core confinement HISWSRinTSTStiBiBtlJtnS 1 tPTTfif HSf R^tsfnriJTHTtj tension hinge 
SD compression hinge t£3tUtPTSStUtnS confinement IUMMtmURl3mHim:rnipHtlI§!lJRRl3Ug 
BfitsIrniasTH stitstifdfdi i SnrmHRnSmuaimnmnnsisTmsHjStiJtslRiHfrinnstsTms 

Li Li | U u u in ~o vJ ] c vJ 

confining reinforcement TRltnStltTinilSlRtiJtJS cD.CsOI 

tUtftiljlWB (plasticity length) i p R[mRafRinRnwia^Hip«iJnn|Ri*§iR stistrits 
rotation JTJMMB1R1 titsiSS tRtSH TjIGTHf RClTlflStri t3 RimtlBRimU spaced ties fjR9 UttiRRia 

tu V Liu y U A -oi 

BSfjR 1 Strain capacity rafjraRmsI^tiHgmmtlCU^milRRam* 1 (confined section) HTCSti 
iRRifffaraitiis iJtiRmiiJiininMRiiriwmntiiiraa iticumms Nawy i MHRiitatnBnRiiniMin 

vJ u in -o U i) J 

tfilJpBfRftnBUlSfil^auJim Baker, Corley, Nawy, Sawyer SD Mattock *1 



Figure 6.40 Comparison of plastic rotation with results of other authors. 
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hJHRlJfdffriU plasticity length / Si3 concrete strain s c Pi 

l p =0.5d + 0.05Z 

St3 e c = 0.003 + 0.02 |- + 0.2/?, 
to <* = RHMmM9mniuMBH 


(6.22) 

(6.23) 


z - BmmnHsmmrmstiimBlBimBiuH 

zs ] Li ct 1 

p s = titlUBjUISHigiUM confining binder steel ( toiBUm toRlu n JR fTl JMtifi ) 
tWtngJTJM concrete core 


l p = mtimmitllia plasticity length I3llWltimi35IBHfyraMMmR15)MB 
fjHpnj 6.22 HiBHiBtiimmrMiHfnntiiaiaiititiifiJtiiyo, mssnHth 

IBlinWltiWIRffllJlfi concrete strain s c IBluim IRtodRtUlRHto (angle of rotation) 


JtTfd plastic hinge flfJHfnJ 



to c = RHMHfyimnMijnumBmnnimmaiinwtnR 

s ce =mtHutHninaiBjuia1naranaiaiMnM8ii3i|fTlntinia1intiiiiJtiiiHg9tiitnB yield 
curvature 

kd = RHfitojtoto{RlfpSR s ce 

s c = concrete compressive strain ISlcTlRBtBSluS inelastic BtSl^SRinRhnRinnJtilR 


tjiRHfn mmmm strain s„ incuiRtisRtns islintuto stain tBlnaftimtimimmiMBti 

vt Li t c <ii ct -\j s^> 

yield strain s y = f y /E s 1 imnBGIRflBtiia UIMBa 0.001 mm/ mm ItfrmHltMmiWUJnmmB 
Rlto yield HBIUnl3IUmalTHiaMIIMMl3H81l3ITfr1ntiHMTinURI[m overreinforced beam RuB 
RiimBHiraRtirsnauJiuHR i niMaraiunaraRHa iBi8e„aainBRiHBtiia 0.001 mm/mm i 

ct Li ] Li -\a Li 1 1 Cc cu 

IRIimmiHimmRIiJRnimRIUMRtHHatTTIR s = 1.0% fdTHTO confined concrete RRRliRtUlSl 

eu 1 rn c Li ct 

rotation plastic HSHTlRffRtJJHI 0„ raiS1iRtj1IRmt5SStUtnS strain ITJW confined concrete 

1 l no p u 

HISRtBtkhJSR 13 % RUJltm 

cu '■*> 


iRHiBiramiJtiitnBnitunuialRaRtsisim §.9tn lasMTmmrR^auSraRaiimH aarana 

Li c* U Ct a ULiiJcni 1 

1 1 

traRtiTflltiHBnnJlRIBlRtiftiB plastic loading IlJnnRTRilBRIIIuaiBRHHlaiaialtTlintTlItlllTl 1 

Li i Li ct a Liu c V vJ ~o ~o ~o 

iiftmtmiHSRiRraRainiRaTHiainBRnHini* itotonuRmRimRRHisRiJtiRRiJfdtfR 

1 1 Li ] Li ct Li Li ] Li n 

(decompression) IBl*ninaiTR^i3nflBiniSHIBRlIlJBTnfiBraRaiIinHUaBHa5 1 lu'ltilfiTURlJtJlR 

v 1 7 Lie^LiUcri o c? u Lj c=> i no 


tjfjau^watstjpnapntsSafiana 


429 


\T.Chlun] 





NPIC 


uBRisItiwimBmnnimmntutnR iBisin'inatJimnnfriitiitiiniminHuiiJiaiuMHaHranairaRa 

& «n. c> a n n i Li i 

TmamBwnnii:TMiiJti3mBi3fTinnrniiuMHi3RraHi3innH , i 

U a u u c* o' n 1 


S.sm.wj. mjRnjimnjgfnmsHjStuttitiiinijtftRHis 

0> 1 o' 

Calculation of Available Rotational Capacity 

QSWlJflfi e).&2 RtUlfi rational capacity ttfEUintilG BtiUJnJJnBIfifilnBtB plastic hinge I|fTl*glR 

I3lntinHraHl3iniRl3Tml3tilUIBlnl3qmUlI[in eJ.ri fdTBTO confined concrete Si3 unconfined 

ct ct i Lj 1 Lj ct Li 

con-crete i imuimaBBmsitiiTmH: 

ct U 

M u = jM 0 = 400bd 2 
c = 0.28 d 


kd = 0.375a? 

s ce = 0.001m. I in. IBlSItiBtitaftiBlH^MB 

s c =0.004 in. I in. tsl Snt3t|t3 tStfcjS inelastic unconfined section 

RtHHBtmRHRUnn £ =0.01 mm/ mm filTBIU confined section 

m l m c u 

E C I C = 1 50, OOObd 3 in? - lb 

— = 5.5 
cl 


f' c = 5,000 psi 

f y = 60,000 psi MUnmtiRBHRI (mild steel) 
luimRnJlBltinitBtUItliaiWRHM l/d HSnnRHBumrdTHlUaHmSsrafullredistribu- 

lJ *5» n i m U ct U 

tion of moment IRRHIBIBlimBfTinnimRIBlintlltnRI 

dra/ngffinar: 


ngsiuunfi &.ca 


M 0 = 2 x 400M 2 = SOObd 2 


6 y ttjnjffifmi = d 3 = - 


800 bdd 


1 1 


4 E C I C 


4x150,000^ 750 d 


radian 


<9 2 ill EU {film? 


Mrd 800 bd 2 1 / 

— — = = radian 

6EI 6x150,000 M 3 1,125 rf 


nfdHfTlJ 6.22 
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l p = 0.5 d + 0.05Z = 0.5 d + 0.05 x 5.5 d = 0.775 d 
IJlIiatJlMB (plasticity length) MraiBllWlgnmtiM^aiaHRJIUMMmfin 2x0.775d =1.55d 


Unconfined section 

nrjHfru6.24 


itiwinBiRfitnB = 



ce 

kd 


f 0.004 
v 0.28 d 


0.001 

0.375(7 


\ 

1.55(7 =0.0lSradian 

J 


Mtjnu full moment redistribution 

—-<o.oi8 iuim 

750 d 

u -<13.5 iuim 

d 


- 1 — -<0.018 
1,125 d 

-<20.3 

d 


Confined section 

mHHSmiRHRtJJHl e n =0.01/n./m. 

0.01 0.001 > 


iu i m 


o p itinjjnBifintnB = 


0.28(7 0.375(7 

M|jnu full moment redistribution 


1.55(7 = 0.05 1 radian 


--<0.051 
750 J 

U -<38.3 
d 


iuim — *— -< o.o5i 
1,125 d 

iuim -<57.4 
d 


itfiminjfUIBfUHJBliUJIB unconfined section ISlRtiRUinSHtfJISlSti confined section 

U U U cl c* u 

isimamridsni tmaimtntsi confinement juMtuntiiBlnuB plastic hinge HanTmimmHSfrm 

ct -o l 1 ^ i no l 

Trmf (slender) tiiaMtuiuiiiRniirtnMBiriiTiuiiin iJBIBJIRgBWtnBTUnBtm^auflllJllIUlBWRim: 

U ' U 3 SU <3i -O -O 7J U U Li U m 8 


IfdtlRtstilti 1 

CJ V- 


e).9m.t3. TfifiriamMTH'lU Serviceability JUMHlScBUlMB 
Check for Plastic Rotation Serviceability 
omtnm d.90: juwsimmfu closed-stirrup binder iBlfitiggiumin s.g tiiHmaatiwiBju 

binder p s =0.025 3ti l Id = 35 tilHffiSti c IBlinmtnfilMBti =0.25<7 itijatilHtJltflgHtilU 
ilinmCURStlll rotation serviceability TUWBIU b = d/2 1 

3 3 J U 

fitnrmemm: 

— = 5.5 
d 
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titstSS 


tuira 


b__ j_ 

Z ” 11 

o ^ b 

£ c UJWJnBIRRtnB = 0.003 + 0.02 — + 0.2/?, 


= 0.003 + 0.02 X — + 0.2 X 0.025 = 0.0098 tHR 0.0 1 in . / in. 
11 


RIHHRUIHIHSCITIR e. =0.01 in./ in. 1 titHSS HjSo5WMt51t3tUmmRRH1Slt3tUT?iJRlSl3 

cu i m l jj i *5» ni L»y <=* 


£ c = 0.01 R 


0 p = 


r 

O 

o 

o 

1.55 d = 

0.315d ) 


1 I 

35 

~ 150 d 

“ 750 

1 / 

35 

1,125 d 

1,125 


= 0.03] radian 


0„ lUtUmtslRRHlS =0.058 radian > 6 lUCUTRfRli =0.046 radian 1 tititSS BHUIEim 

P Lru V ct 

£UR Still serviceability plastic rotation 1 


RimjununaitilWMLmU limit desing ISgH BtiltmtilUHtiirmH BtilUHtiltUfititmtiHB 
RtUlRHSCTTlRlHItB design engineer tiWBinimtaHIBWnimiMH (ductile connection) IBljHij 
beam-column support StSUitiRSf full moment redistribution RtliTR^lltJ^SlilHtUUjtinRUfltinR 
HiBnuMMMtiraMTunBiTURarinaincmtiifTi i ttSraniss iRRHiiGnumnitimslRmuns pre- 

Li i n Li e) u | u ~o ~o Li ot Li e? 1 

tensioned Sft post-tensioned i u HT 9 U S IUS R U S R J m RJu till R Hi S TU cd 9 fTI H R1 B i RJ : confinement 

± eJ & u* Li rP 

iBHUBHnniiJtiiMHiHTiiJimHiBntntiiiBlBiiJtiitnBuiJitniBiRaltiRiBs i 

eJ U in ct ct 
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p e ifmminwnunnuiaMiun 450, 000/6(2, 002 kN) i fHHiaHSRiRBRiRiimtainBBBti 15 in. 
(38.1cm) 1 

(a) nimnRBatiaiTmmiuM thrust c-iine aanHiaranRHraMBHialrauBTHBitiHM 1 

x ' cu 1 Lj tu Li '/t. ct Li Li 

(b) MRnRnRBiRHMBHtmanmHimRaTHiaMiiMiuRaliJnranmtiiiRniraRaTRiaHaTRiitiiM 

vJ net i U 1 ei U 1 U Uu 

IIMM^HBinTlR f' c = 6 , 000 /? .s; (41 AM Pa) 1 

(c) RimRIUnaiUM concordant tendon ai 3 RIRBi 3 IUMRlUITURl 3 TRil 3 inHtmiinmBH 1 

V V EU U 1 l_l net 


e).lQ. UJlSTMimBUliTlB e>.® MTHltimOTTURi3T?fil31tltU?iSl3rarj!lTfiJtnS harped IBlTRtSRIinitll 

Li Li Li ] Li tu Liu 1 Li Cl 

ftiia d mainBBiiniRSRiJBHTiiTtituiBtutiiBmniuMfitiiHmatitiiBtitiiiiJtiiBBtiitnatiBiiiniB 

c* in » V ct Li U U cl U & u 

e ).9 1 

&.m. 5.9 M|jnUR1UI|BRa|inl3IlJniHiaB[imR|R e A = e B =3m.(7.6cm)ia1 

|RtiBlHBU3I|RiniW ege line 1 

5.6. uiSRRBaRiuiraRarfliaMTinnBHtiimalRtigBiumm 5.6 TUMarafitiiBHtiimiJtiiinBfii 
iwaifim 64/t(l9.4m) 1 

5.g. ttJiiTfiJirabmms 5.c 1 ruMarafitiiBHtiimiJtiiHiBnainitiiMRi 64 ft (\ 9 Am) i 

5.5. MRRRimBiiTHiaiaiRagBiuimfi a.tl MramuBRiBRii uJitmrutiiRSimuBRiJBRi niMsra 

O Li ct* Li g> Li s 3 <ii U et Li 

90/t(27.4m) nbtURHfjnjfd portal R 25 ft (7.6m) 1 
5.tf. hJRrmtlflSl portal fframe itiEUUlSSIfi ai3H3UBRlJBUiJimialRi3IUB P.6.7 1 CUHRRtUl 

O ct ij in "nj ct u 

i i 

st 3 ut 3 ncnn?T 3 t 3 tE 3 RtTtjRt 3 TfnmsHt 3 ritE 3 R i iraRarRiaHBtTnRiJBmBaHiiJtii^TialRaqBiuiinji 

Lfl-NJSU U 1 U n U 1 Ll 1 no u et C> et 



— 80' — 
(24.4 m) 


-80' — 
(24.4 m) 


Figure P6.1. 
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75 plf (1.1 kN/m) 


mmlgjimmfjiuitiwfai 
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240 plf 





z 
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<*) 


a 
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Figure P6.7. 
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vii. fncufnfci fnntfiu atsfru^u^iawiHttus 

Camber, Deflection and Crack Control 


rt.9. IWtsmtiH (Introduction) 

fnntfitj gatmHirajraMHaRraHainiRaTsnaRMSiaiJBfniHniimmniflu stifmmms 

ot Li n i Li l Li y ctl_i 

niMHamunairmHiiJn Hanrani3iTURi3Tsni3HiBtiimm:Twif (slender) tiiaHamunairmH 
luimmiinmnuMfiiafigntiiiiJira flexural cracking fnntfiu 

sarmmmg i mraimmSuiamnnaaamiHimmMininTKHSfTiHiuMHamTt^audMTinu 

Ctl_i V & Li i nUUmU 

1 

MlBfnnnimnia flexural stresses tffflHHUl service load BtiMt]mumBmnRnilHigfnitnmiJtlI 


laminnuiuia RtritifTlfi BtiRHItiJHnntfimJHUmtlJBlti anchorage development strength 1 fflJ 
nnnaiIlJniinBWnnii:inmwmW*t|TltHHiaminnnHBinIa long-term deflection, camber stastri 
rmmmg ItfimfitHBItitBSMfilBlntiRTHfi allowable serviceability 1 

ct Li tu o. ct U J 


HamURl3iraRaTRil3Il3RH1l3Ml3Rl?lRSRtilHBlTamilJtminnitlirinH1l3ITTIRl3TR1l3ti8 

n 1 U 1 U tun w- [n n tu U i U 

nsntUffi1i381l3t3CU long-term creep deformation ITJMfl 1 miuntimntiR'lIB'irTlBRTilHB 3iJfTlJ 

& fU 0 1 ct -O 1 1 


[RU]Jil3RUlQ]^l3LmmmmSgH1Qm§jH1S camber ft atimfljmmtilBR 

nfltitUHRiiH3Hi3tiiR[ui:MHTMti m3§TmmjnunnjfmsHsmsitifb8mn simi3§|HishTimms 

v sUn^J n i nyctU 

iBliwRHRidiJtiiiHumtiimiJfniritnRRamnSuaB i 

li U IS- <=* e'HC'jJLlct 

fnnntnRRl3fTlJmffiSRtj1HSS!f1Uri?liJl3 long-term prestress lStlJH1StUR[lfi:bl{Rm|§j 


mmsmntnnnt3mrtris|UHisstjiis camber uJwiniaBRfljMtRfiftii i mnMfRfiRiaffintnnggnj 
tnBMttnti partially prestressed concrete system IlJwmHI|U*R[mRtHJtnaHBtTnRRlHira:rni 


tTtJUjRtiHRltnBH 1 Creep strain IBlRtiltlfitiUlSB camber E3t5t£3ClJfltJt3§Tmsmnn3tsft3Sf 

Rinini3tiitiin[m:H5tiinB!iJtiitii9ig1fiinBRlHntiii3rnitsmt3*iiJtiiuiSRii}imrnitsmt3*ianiJTiRuia 

a u- y tu in l 

ItURatfnauJimtmi creep, shrinkage St3 stress relaxation 1 RIItnBpmBltiWWUtifiiamnRg 


terms camber RiitiRinhiBniMinB iiJanimRiatitiiintuitiiaiwRHMnH BtiRinTtjwffwHsnj 
E c lUMIURafltPHtRJ 1 ffURllJlSl moment-curvature relationship IffnHtSlIJnRRIWlBfmtflR 
uaR^uauainitnRiJwrmBmnRimRiBRiitnRRinBtimnaRiiRniiRfTiriiJiuraMHaR^THiB 

ei y u ct n ‘J 

tumm:maiRMTRRi 

8 1 U 
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i^mimiRarsnaniBlnaliJmTURaTina itBsiSiiJniunmninimHinisHiBin^nTt^tiufl 

lU ct U i Li Li i n c t Li c'^JUUin 

tnrmticusfnnrsTsti i tituss iiJBRnnmaairiiuMcmHira* BtiRmRiuwfiTRJtnBRimR itiim 

e? u u u ct Li Lru 

Sin?ilRinBR1IRn^RBinmHI|R*MHtMUtRftnBI|S 1 ACI 318 Code tnSUIRQtUTlfitilfi^jH^fi 
laRiinRuujiaraRairaRarfliatiiutJiRR: 

n l U i U ct 

(a) Class U: f t < 7 .5 fffpsi(o. 623 fjf MPa) (7.1a) 

islRBRiiimB* iRitu gross section ed^HiumnM:H8mmsiinmnMm{pnl3|Rim[]TiH 

Htn service load StiRtlflfifrintiltJ 1 IRHBTfijRmTtJ skin reinforcement IBittitTCnTTIS 1 

Lru Li di EuJ 

(b) Class T: 7.5 ff~ c < f t < 12 fjf psi(fff MPa) (7.1b) 

BIimRtsimBJIBlBIBISHSRlRITtl* BtiH8RlRHRITTJ8 1 tRIRJ gross section RtifTlilitUlSl 

ct OJ 1 Li 1 Li Li ct 

stress 1 1Rt^U cracked bi-linear section fd [HI U R tUl SI fTI Cl ul U 1 CRHSjjnj ffinjTJ skin reinforce- 
ment tsiitiumjns i 

(C) Class C: f t >12ff~ c (7.1c) 

BIiniRtJlRIB*MTH1UH8RimTU8 ^ titslSi IRITUH8R1RITTI*MTH1UR[mRRaTH1l3 StifTICltfltl 

ct Li | Liu Li 1 Li Li i Li 

ipHHin service load 1 IRtntnGflnfRClflSl A f ps U /, rd|H1U{RU{Rt3Mim|Ug iotUA /w = nt3'jJTlt3 
ttinJtRBt9Tt3tI31tjfifmSR1CltiRRB1i3MtJR (decompression) ttntU f\ = RtiTHItilBlRtiUjRBHin 
iBiintufiJtiifiJRBHfliTRftnBiraiiJi *i TnnBRrmtiisimiTTiRaTRiariiaMTRftnBMRjiHimBifii Class 

^t. Liu Li Li e? Li s Li ] Li Liu O 

UI 


ctta. fmwsRfitamjRiuimfnfiiJiu 

v» Ct 
1 

Basic Assumptions in Deflection Calculations 

minBR[mRfiini}lUrilJnTRlHHHtilBRHil3iniRl3TinatilHmBl3UBR9Bi3HRI8U3ITRi 

eJ U V tu Li ] Li u dj U 

(external transverse loading) yC1SSlRSSi3HHi3 SHrlUimtl (moment-curvature relationships) 1 

iBlRtiRiimimiRuJim irtrJibriimbriJbbujitrih: 

ct Liu c? U Li 

- TR9nitiH8R1RIUMraRaTRJlRMTRRTRUTH1BlBHTR[lilBlHHlaBBtlIfiin IWRItliaiai 

Li vJ di ] ] Liu ] Li Li Li Ed u 

Liu 8 U 

- HgHJITJMIURti E c = 33w L5 ff r c psi(o.043w L5 ff\^MPa) UJtlJRtHITJM f' c fRltTl 
Bl3MMMlaMl3RraMMnmRRinl3M911l3IUMIURl3IBlinB[IllJtlIlRTRjRlIR[inR E r 1 

inn u l "cd i i Liu l 
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- HBJmmnjfrmm superposition nammiinmfnniliuiiJtiiunjntiiriuangBaHm ga 

1 Cl j- a ct Cl d* O 

camber ttituuamwnnHimmnmtna 1 

ci su U i U 

- inHitsinminn^mmni^umtiHMii^mnDnwHnjBiufiBHaiuMiiJmiuRaiina (cgs) 
tuCU strand {inltnsBfitjl single tendon 1 

- fnntjimjlcutjnjncun shear deformation HBTHJtnBHR 

ci Lm 

- imntjnnHSfnntil totally elastic JtnntiW decompression load 1 USTOHR HHttSQCUfTin 
tsHsmmtitmms i„ mctlnisf m?ncinFifririt3dtJ sti camber fnBfawTfift i 

1 U CA Cl V I U 


ri.cn. fnciaimtu:tcicu3(8tin:) JUMHtimrus stiHtfmticiJfiistras 

cu n U n v* u 

Short-Term (Instantaneous) Deflection of Uncracked and Cracked Members 

ri.cn.fi. gmfigatiJflfcitJSfi SttfilCItflU (Load-Deflection Relationship) 

i 

fnniJiflimrintiisiBlnaHamuRaiTtiRaTmaTfiJtnBfltiiimuJimMBnfitiiHsmHHia 

cu ct n i u i u Lm i 

thR[Ul:rJlQHtU (homogeneous), tlintliiriMWlB (isotropic) samgjl MG 1 fTUMBRraflIB*tiTJ5 
tamnSmitiimMaiiJciiHaciiE. lUMiflnalniruciiigifnHintmuMraRa ttiimHHtisGwmntm 

c* civre i u Uw i i v u 

mwiglmHtJnjnfifnwiBfmtJimjBfi tmsuHsmenms UHStrasmtfitin 

Uw «ii 1 U -vi U 



Figure 7.1 Beam load-deflection relationship. Region I, precracking stage: re- 
gion II, postcracking stage; region III, postserviceability stage. 
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tfimwia ssnnsstijfntausn stafnntJntJtji triiinear tiBitinraiJicmBlnajug rt.® i rtjbu 

n v in ct v 

Hamitnnn: 

i 

RU39I taRmCUHStncmftJi (precracking stage) ^tUHtiriHSHlSWim|U§tS 1 
nuagii flirnifirntmunmintiiips (postcracking stage) iflniHaRiu^aufluiSR 
acceptable controlled cracking ETIfcifTlJn^iJltlJ StiStfi 1 

nTTBOIU fi[UnnmtlHp8I|fnmii3naR (postserviceability cracking stage) ItJWRtifRIti 
xalnaiiJnmniigmiiJwwiBfnnnimRia yielding i 


RUS99 Precracking stage 


nninRHaRHairitiiiitisiuMisjirnaifiauBR aamn*uR^!^|Rti!iJninnjiRfnn5fnitii 
tumm:iH9riMt3inrmtiim titnslfuaras ri.®i RatRiaffimHRunniBlnaBHtBlnaRUBiasRB 

a vj e* -NJ -O JJ cZ, 1) 1 U ctctct 1) 

1 1 1 

tiianMMtiffimniaminRmuia ttinjftRBtfiiJHanjtfiB f t luwnjRti i iRHiBRMRmriitiTfnrTmti 

i n 'o c* n v V T J 1 l U -o c* 

minRuujiia£y niMBHiiJimiTUHatiimia E r juMiuRti itiiBiHHtiaBtiifnnraMHsmmuRa 

n ct U v r i c l v i i 

ItJtUHRitm i miiBRinfiauBR samn^uHi^ffitihasimsIsassinssaifiaRtiiria aatntH 


utHtiinaiBjuinMiuRa *i 

flnTrnHaainaaaifuanaTsna aauiTHurHtiintiiBtuRiiuMraRiaTRftnBniJuniBlRaiug 

eJ U i U U Uu ij v i L»tj in -o ct u 

rib i iRinBtiiaiTiHiimRtHiuM e c ii?imi|SMHmiiiJwtnBnfniriitmBiuM aci uJwfijiBlRtiiH 
njag to i 



Figure 7.2 Stress-strain diagram of concrete. 
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E c = 33w L5 fffpsi(o.043w L5 fJ\MPa) (7.2a) 

U E c =51,000fJfpsi(41S0fJfMPa) M|jntmjntiBHBBHfn 

RUSHS?nnjntJit5m^tnwtt3wrmHntJit£3iffifTijnfimt3iai3tJ)3trim^Hm?iHis tsltncu 

i U ct U nun 

ttJnjRiaTffimtjRtammnsIticuuMfjmsHscutiTC /_ i TMiiJtamiglaanMMtimrniiftmfniuluR 

UJimtilW (direct tensile splitting strength) HgW*BraMIUHanMinmtfiiglBi3UMminanMMti 

ManiuMfi i MTHiuimtiiuimtitarniMnnHimm inHiBmnKiHraMHawi^BMTinuraHaiMaa 

n u o muiLJi'^> 

f r = 7.5AfJf psi(o.623AfffMPa) (7.2b) 

tUCU A = 1.0 M|jnuraHi3BHBBHfn (normal-weight concrete) 1 yJMSimmyj all-lightweight 
concrete IBIMfitUfi A = 0.75 HJimyuSsimmyj sand-lightweight concrete tSIS A = 0.85 1 
pMBram^JHgtmJlB / r IMBl3Ra|mailJtinf?ni^[ailJim cracking moment M cr 


(decompression moment) ISIS 


fb = ft= — 


- i + "H 

V r ) 




(7.3a) 


IuCuhrij b Hnmia^TMiiM^irmHiBlrntiniimtiiitiiaiBBHgTHtmHrn i mwBitJBtntma 

O ‘ J U Unc^ctUmU «✓ 

MnMItimimmBli3I|fr1UtiHIUMraHariBpfigHBIUMH8rTlHranl3til y, ISIS cracking moment 


B 


M = — 

cr 


_g_ 

y t 


1 + 


ec b 


cl r J 


-1.5Aff\ 


M cr - 


1 . 5 AfT c +-f 


P, f. ec b A 


1 + 


\ V 


r 


(1.3b) 

(7.3c) 


tticu s h = H^H8fnms1h!nrd8it3iyriH i nrdHfru 5 . 12 , cracking moment taunmwnnifiia 
usnmtinStmpjHiswimyjgR 

M cr = S b [e.QAff r c +f ce -f d \ (81RUS) (7.4a) 

M cr = S b [ 0.5 Afjf + fee -f d J (SIR SI) 
ttitlJ f rr =Rl3TR1i3Ml3RiSiTRt3Sm^SHSrarjHSmfira?il3ttlCUtJ[U11CUiRnRH1l3niJRl3TR1i3 

J El 1 U n U U 1 1 1 n m U 1 U 

yiMSfnntyritmntiJSiRua islinmusnsiaiyrlm^jHisRaynamni 
= RaTmaranaiBlrntiMiiMBicTiBiaiTrTiiiJtmiiijntiiriuBRHitsimBiHHim islincu 

J U. 1 Li 1 Li -o Lj n l 

ifltmiBnsiaiTRiua^THiBRarsntiBiin stihnmms 

U n i U -o <=t U 
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IRRHlBITUIHRIin 7.5tjBWHTIHfi[m6.0 (31?iUS)tJ0.623 ^Sfi3§|0.5(8insi) MTU1U 

Ul W Cl 1 ct WtJct Li 

nnjiRfnmJimuMBH i ifijnBufnjtiWHRU 7.3a ^nsItiisTHti pci tt3cu§Tsf custicu flam 

JJ Lj V g> V c* 

M r 


M, 


= 1 - 


r ftl-fl A 
f L 


(7.4b) 


ttitu M .. 

U y wk | 

f tl = Ri3|mi3IUMIUHai|fnHHiri service load MJUBtiipHJIBlRtiHafi 
/,. - H^tUuTO 

f, = fitirmtilUMIUfltilTmHHin service live load IBlRl3Jftifi 

J Lj i Li i Li ct n 


rt.m.fl.2. fniRflJlSIHHiatps M cr (Calculation of Cracking Moment M cr ) 

qgmimnri.9: fiimsi cracking moment M cr MpUH8fTlHBHBmfTl[miRl3IlJtlItnBgBl3 
b = 1 2m. (305 mm) mimRHWWnj h = 34m.(610mm) S13H1S f' c = 4,000 psi(21.6MPa) 1 

naparana f h liJwulimnifiRmaifURapaBiRiRn t, 850 p«(i 2 . 8 MPa)Ri 3 RiiMtiRi ran 

H^CUuTGiMStt 7.577V 1 

faamgifmtn : h ^ cu tfi g /, = 7.5777 = 7 . 574,000 = 474/?5/(3.27MPa) 1 mim i H = bh 3 /12 

= 12(24 ) 3 / 12 = 12 = 13,824m. 4 (575,400cm 4 ), _y f = 24/ 2 = 12m.(305mm) iSlMJirdiUfTliSini 
luitB =/ g !y t =13,824/12 = l,125m. 3 (l8, 878cm 3 ) 1 


A / — 5/. 


7.51777+^ 


P„ (. ec b ^ 


= 1.152(474 + 1850] 


A: V r" y_ 

= 2.68 ■ 10 6 m. - lb(302.9kN.m) 
tUWBItJBHIBSHBItittptipti ISIS cracking moment R 

M cr = f r I/y t =474x13, 824/12 = 0.546 ■ 10 6 m. - /Z?(61.7k77.m) 


rfl.Cn.Fi.3. Russia Postcracking service-load stage 

RUBHBITU8BUIBliritlIWlHITU*gHmBlUlSH nPtUBtijRBtURUSSla lUWtinpHSBlR 

iU ctUun v eJU 

sstijfntausn BtimritflUtBIUB rf.® 1 BHmfiI1BBMRIBlfiafiUfttB8tpHfi9nnJ service load 1 
BHiaBf3lTRIBMlHtTU8IlJtlItTUTUtlIRlHUUinimitliailJtlITRlRlBaRaTHiti BamniJlUIBlTRtiHS 

ct v u ct U Li Liu n c Lry c* | Li Li i 
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R1R3HH19 i timss fmmmssmrm santiltslntuntuftua tticuririHntJstticuHissirifit59m?iHis 

U V ot Li Li d c* c* Li TJ 

tsItmisTHraMtmfiTiBm i 

E*J Li ot m 


t si in tut t3tu flexural cracking IRRH1S mniWIHIUMIUHaia1naHUBgi[Tial3tjmt38tffli3 

C V V 1C* 'O 1 

snt3 1 tftBSS flexural rigidity rafdH8fflfi|B!tnSfrifitJSffiitlCUif fjj?8JtmtiU3fi-fTintfltJ (load- 
deflection curve) IBlRl3nnaia*It51HHtitiltiialRafi[iniRrTltlIHai[U8 (precracking stage) 1 Uiim 
tmi9tniuMMiHini*mai9Ti3 fnnlmmmstftimtsi 

ctU vJ U-o i t? fj n m 

fiTRiRiati Riitsmt3*iaHHtiatstiimnraMH8Rimra* i iRHiBRimaiHHtiaBtiiflin/.- ibhsrir 

Utj ct 1 v 1 U V L/J 

tt3CUrjp§ (cracked section) nimWRIIimiHRlBB 1 


ri.m.n.4. RUSS to Postserviceability cracking stage and limit state of deflection 
behavior at failure 

timRimassiRsstfifitfuafi sflfnntJimams ri.® lalfitiRUBgmmBWRimrnuiMtjiti 

U Li <in V ct q 

islRflRtJSBs?! iflnnBSRunjnwHRnRtmRutitafiinlarRifTiiuMHSRiRtffiaiiBa itfimwiiMiH 

ct 1 ci Li -o 1 Li ct 

atiRlfjRBIUM stabilized cracks mMlEItTllUJia 1 UJimMUUBRUBIRBIffra IBlSUtTH 

Li xj e» n M U 

UTHtlinaiBtUfi, lalRtillJRialRaRUBfflfnuaiRaimainHITRim yield strain^ UJlffiHSHlSRfl 

Liu uJoct ct x* Cl t*J Li j y i 

[mflmsH *i gH|RftnaiRntninjnt?itnRiiJitiiwii yielding ^BflrafjiilRsiniislRfltafimcuiSi ^ 
fiuaiJiuuJimmBRmJiRuaRulaH sflrmmrususQui itiim HRtimRnBiOTtiinfrgliRMriwMaR 

ci djcvctUci vJ d vJ n 

BltilfRlthifi 1 BtiltfTim secondary compression failure tRRl^ti UJWB1IBltiWR1Iti«URIHM 
raHfltsiRflBtJSBHflHBtjjHiiticiJBsitliffimjtnni 

1 c* V d 

rt.rn.8. ^8fnn»mpi (Uncracked Sections) 

rt.m.8.1. mimUlffimntilU (Deflection calculation) 

iRHiauniiaBtiRimaininiJiuMtjnuHSRiRraRaipRatmaHmps^jRiBiRMtRRtiiia 
RiiRnjiBininiJmMTinuHSRiRiiJtmra* iilimtmiRiiMBRiaRinBRiitiitiiRniinHsriMBina 

U 1 Li ^t. e» 8 vJ 

WR[m:tUIMItiia 1 mn{B|tnfdBHflSt3CUfnnrafj gross section Hati*RgntimtliMtRRmnRl3RlI 
fltUlSI uB transformed section IS 1 

V 


tncitim tncnmts stimipuptiMimps 
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EiutntsinHiaiTURarsnatiiHmaaBnjnnSHiuMiiJmniRaTmaitSiiJtiuiJiiniglnaiug 

Ct U 1 U X) is. U l U v i_n ~o 7J 

tl.cn 1 tramJfinJlfiriJmitS^nTfnH primary moment iSliWttai^fTliSiniiiJfjGH itHtUHSlR 
elastic weight method elastic weight M l /(E C I C ) tfflttU 

ICUiagH / 1 USliiHRHHararj weight intensity (Pe)/(E C I C ) IBfflUntlJUlJti AC IBlfJtiJTJB 
nl.cn(c) niwQtiilijRniTicutcyiac fjj 


= 


Pel 


2 EJ,. 


Pe ( l C 

— X — 

,2 4 


EJ, 


Per 

%eJ~ c 


(7.5) 



"i 



(b) 




Figure 7.3 Calculation of deflection by elastic weight or moment-area method, 
(a) Prestressing force, (b) Primary moment M v (c) Elastic weight W 0 = M/EJg. (d) 
Deflection. 
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scuntti mnmnrmHfnniJiuialnaiuB nl.cn (d) MisntntiJ (base line) tiBuJmnHimtiifffiaiw 

v U U ct v o x v 06 vl 

uJirawiiRHnaiTURarma i 

cu U i U 

tendon profile nnrem BtiMtjnutuifiguBnggtaHnj 
(transverse loading) UfTUtfmTJBfitnB 

nimrn:MiHT9RHn i fnntiiti u camber QatrmtURtii superposition tsmntfimtiEmjtunfijn 

8 1 Li 'Oi 1 U 1 A n 

RBnainiRarmatiiHmBiafTirifliniiJninnnitiiriuBRsitinRi i 

eu U i U u e~i & Lj 


rt.m.8.2. fniRtuimmtHutHtijntJtBju samcima 

Strain and Curvature Evaluation 


friiiuatBRulTHUTHtiintJiBtusnHRHMiuMHSfnmgifiiiniRmtiiftauBmnBnatiiuBiH 
iJBuuuniBintiiug rid iiJwtnBHraMmniniaHiTMmBaulTHUTHtiiniaiBtuiuMMiiMBiaiw 

V in c* V 1 L» U Lijj lj 

e ct st3m[HU[Hmnmajumrjrdnrjmm[]TiH s cb rawrafiti i nmiratifBfiuftHutHwntitBju 


(strain distribution) MHfnimnmt3IBlSnjnRrnWtBrnilJlRnBmti}l39H1BgB91l3I| j fTlH: 



Figure 7.4 Strain distribution and curvature at controlling stages, (a) Initial pre- 
stress, <bj = (e^ - € c( ,)/b. (b) Effective prestress after losses, 6 0 = (e^ - )/h. (c) 

Service load, <f> = (e ct - e ca /h). (d) Failure, <(> u = tjc. 


(i) flninnmwiiaRmaipRaitnafiyia (initial prestress) 

fa = £cbi ~ £,:li (7.6a) 

h 

(II) fl[linnmniIt3I|URl3|ml3fUMgmni|mminniBlHUia (effective prestress after 

losses) 
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</> e = £cbe £cte (7.6b) 

h 

(III) fiomtimtlliauamSmi (service load) 

1 

</> = £(:t ~ £<h (7.6c) 

h 

(iv) tanmtutnn (failure) 

K=— (V.6d) 

c 

nUfdm'lURfiJT'mU tensile strain St3ranTlt3nfJTHTtj compressive strain 1 JUS fl.6 c 

UmzjU mU A v 

UiJlCTinmifutilBfifitiTSnti (stress distribution) WTinUHSfTlflHmTTJg 1 flTHftnaimTmBHTUiJUTl 

in ~o i Li Li i Li Liu Li rJ in ~o 

^nl3T?nl3sifTiis1rdJirdmmTrnHTuSsmH8mmsigHisrmmmg e i 

1 Li -o Li Li i ct Li 

mwnatjjMgfnn (effective curvature) ^isluDfdumj 7.4 (b) 

(initial curvature) $ £h H ffi S U U? (H U [H EU J U ftj mimticU/), 
ttlnjU[UlinjnRUUUUUl|URl3|?UUlt3lffifmJ creep, relaxation Stt shrinkage Si3m|HU|HtUJUfd 
nmmti dfo uJnnnuntiJHfiri creep israumuTiumnumm^unta^sfia i 


(f) ( , — (j) t + c! (j)\ + d(j) 2 

lUtUnHtuyiStSremSGJUfjfdUlJ: (basic mechanics of materials) 

M 


<t> = 


F I 

r 'c 1 c 


fdjUlU primary moment M x =P e e uUiSgUUHtnS 

P e 

E r .l r . 


(7.7) 


(7.8a) 


(7.8b) 


uJimflaMfiiffInaMHrru 7.5 MrmunHarHtmHrniiJtiiinBBnninSmuMiiJmTURaTsnaitsi 

U ct U ct U m U- Li 1 Li 

mtns 


s e =£- 
c 8 

MHfriigialMTHinmniftmiJwiTtfmiimtJTnftnBiMisTaiiJim Tadros uisna 

V Li Li ct vJ 

O O 

ttitu <t> c = Rltlfllta^RlUTlCUItUa 
</> e = mamujutis(u 

a = wniHtntUliatilHBRHBIB tendon profile 


(7.9a) 


(7.9b) 
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rt.m.s.3. fnntftumH9tsGHsrarmEmtt5EwmrafitiTmmiftmt^ 

cu c*U nj U|U U i Li v 

Immediate Deflection of Simply Supported Beam Prestressed with 
Parabolic Tendon 

^^7»7//wrtl7:RMRfnn^un[uiitiJ?tiJt3fnE?)mrjGmStiJut3icTii;slRt3ms ri.g ifituiairana 

n c? m ctin-ocAu U i 

TRiaiihmffimraRaTflianatnnutiiiiJtiitnBBiiinnSRHnaiEi e iBlmuntuitua stiRtnmmRti 

u u i u v is- n o m U i 

tifiatUMgfnn P e 1 tfU elastic weight method Sr3 equivalent weight method 1 ItytiJilfdgHR / 

st3fnnlt3{rnnimrjfiR e c i c i 



(0 


Figure 7.5 Deflection of beam in Example 7.2. (a) Tendon profile, (b) Elastic 
weight WE C I C (c) Deflection. 


dtnmtjtmtn: 

Elastic weight method 

nfJHRIJ 7.5 (b) 


R'e = 


P e el 

\ E cJc 


Peel 
3 E C I C 


HHl3tuCUtJ[UTlCUn elastic weight W e IRjilRtlllQ C fitUTltmtUtifi 
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M c =8 c =R' e 


rn 


\ Peel. 2 

(3 l Y 

Uv 


E C I C 6 

OO 1 
> 

to | 
1 


E C I C 


P e er 3 P e el 

6 48~ 


2 ~\ 


5 P e eP 
48 E C I C 


ISIS 


g = 5 P e eV 


48 E C I C 


(a) 


Equivalent weight method 

CUHUjSS?) equivalent balancing load intensity W iuEUtpSHcbBltuS parabolic tendon 

tglinhuntin 

i 

8 P,e 


W 


V 


riHtiifliBiaiHmaBiuMMini: mniJinniiintiiftiiaiuMgTHMHtniiJtiiianaRnTUimiMR 

V a j~i n e» U m Lj ~t> 


S„ = 


5 wl 


384 E C I C 

X) 1 c* 

~ 5 P e el 2 

S , . = — 

48 E C I C 


(b) 


(c) 


GH 1 


ucmnnuen tratasscutnsrdHfnj (c) tiufpsttfdHfriJ (a) MftnumntftunnmnjtainH 
ras rt.S uiJirnnMHmimniJiunnnitiiitiiiaMTinuBHBTHtmHm uJnrartimtijMHfni 

V in -o nc^UctUm |jn 

RHlUfUfi SUMUfUJHHUMTH1UUHtjimtiCU§USiRi3JUS e).9lQ 1 

tu v U ct jJ u 5j 


Ctm.fi. ESfnfitftJS (Cracked Sections) 
i.?BR[inmHHl 33 i 5 tufncimMgfnci 

V Li tft 

Effective-moment-of-inertia Computation Method 

taiinnitflWHamniRarmaiauamwM (overload) msimanjnxiHtarumnaTmmSitu^R 

n u i u <ij v n u i u c* 

tuCUJRHSC1TIPi§JUlS limited controlled cracking taioffUtfU gross moment of inertia /,, SU UtU 
slmjuisfiTis camber umnihuiuMBHtTURaTtnatnBtiinniinMiHaTHHTRftnHfnntiimMa i rih 

V ^ c* Li | Li a U L»u n 

tURtUKfSW mmt|UHHUSUWjTinJUrjH8mmi3nJt|yg (cracked moment of inertia) I cr fd|H1U 
H8fnmStUmRH1SWlHi;{U§ laisimnijtmmtu gross moment of inertia I g M|jnnH8fnHBHiai 
QjsisHsmfiuisrmmTus i tils tntU88tRusmJfnjfnni;u§TTmSjtSTl3?riHJtu:fnjmtituums 

sui ctUinsu Uu C? ‘J L_J vJ c? v 
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mimBmniJiumHuiiunmgHig i^mimnnntnnnammniiHmni^u^jtnBMtRR i titnss khib 

tURHHi3SHtUfnn|!JMSfnn I e tfiHlHHBJHSnHmnmmfwWUW simply supported bonded tendon 



Figure 7.6 Short-term deflection in prestressed beams. Subscript c indicates 
midspan; subscript e indicates support. 


tncitim tncnmts aampmjpauimpjg 
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I =1 

1 e ± cr 


^ M ^ 


V M a J 


(h-'cr) 


</, 


(7.10a) 


IHHltiMnMIMHmi 7.10a Rti9|Hl5l 


I e = 


f \3 

( M^ 

\ M a J 


1- 


/ \ 3 

V ^ a J 


I < I 

cr ~ g 


(7.10b) 


IfiinBtiBMtiUJIBjU (M cr /M a )nMHfTlI 7.4b tglRtiMHRlI 7.10 aSti b t^HjOStUtflS 

HthaBBwmnnjM9fTiri 

V Li d 


M, 


M, 


= 1 - 


/l 


(7.11) 


uJtu i cr = HHtiBt3tiifnninMH8mnuJtm|Ti* nmum? 7.13 sUKjrnH 


I g = HHi3S13tlJfnnrafjH8frifiml3HtU (gross moment of inertia) 

aarntTi sii3M„ r aaM.^HHtimBiHnimiiJtmiiinitiiHmnrinaRHitsiniiini* uJujirbir 

Li u y %/t. ] ei i run 

i tiBtBs HHtisQwmnrahJSfnn 

Li V & n U c* Lj V V Li d 

i e tslRDMHfru 7.10a sab jn|MtiiBi3HHtiHRunn M a RiHmnmmtatatftumfigiaati 
wsmnsuHHmms M rr itjmhsrir i 

e» V Li Li j 

ct ct Li 13 

1 

I e HGJH = 0.70/ m +0.15(/ el +/ e2 ) (7.12a) 

MTHlUBH^UHRITU«lJtlIH1BBi3Biatiin 

Li ct Li 13 

I e H^jH = 0.85 I m + 0.15(/ contend ) (7.12b) 

tficu/„, tjiHHtistsmrnnisHSfrieinciJTicutcuti sa/^itiHHasBtiJfnnisH8fnfiBt3 e i 

''I v l n c* eieZ-y ]] 


Ctm.R.2. Bilinear Computation Method 

Rl3S|jSi3]?riBts, bilinear moment-deflection relationship h3|jfflURUSS I SCRUBS II lutU 
tnBiijunmBlnaBnjiB ri.m.R uJnmBinjiHiglRiH ACiCode t iJjiirnHMunuHUB i g sti i cr 
TRftnBuuimiainiaiug ctnh HHtistsnjfnnmMSfnn /.raw Branson ^tsJfnntJiufnH^rjra 

L»y LTI'OC«W v Ll c3 L y mi 

hgjh s tot =s e + 5 cr IStutnsnsimBH i 

ACI Code giH91IBfRUR[inBlfnniJiniglRUBIlJtlIini«glRa bonded tendon beam RltiR 

V U ct h 

ttu transformed section IBl|RUinnitlJWRa|ina9ini f t tSlRDTORDGtjlH 6fff 1 ytslSi IRtflB 
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IBlfiiaJTJB nl.nl ltfimtTTJ/_ transformed tti[lJtTUmiBtUIHItIMtlJRnTSi3talRt3 bilinear 

tf ct jj Li LA LjTJU Li ofc 

1 1 

method RtiRlIRimBimntJm 1 inintiHimmHHtiBBtlimniUMHSmKllJtllllTISIlJimPCI approach 

MTHiuHanii3iranaTsnain[TimHMHmi&iaiTfnH 

u n u i u m Li 



Figure 7.7 Moment-deflection relationship. 


I cr ripApgd p{{ 1.6^ ripPp j (7.13a) 

ttitu n p =e ps /e c i (iBlRtiHtiRiEJRattntiitfimnSR) 

IRH1BIRI|UMHR1I7.13 §JlSlfrl 

I cr — (^ pA ps d p + n s A s d ^ — 1.6^j n p p p + n s p^ (7.13b) 

ItJtll n , = EJE r MTHimtJRBHRI. d = RHfdTlJMgfTintSltltUSTtJ^SHSrafjttlRGHm UUJRHB 

■j J C Lj n Li c3 Li i ts -vi 

Jtit'[tJfit3'jTnv3 (nonprestressed strand steel) 1 

r0.tn.R.3.^GRttl?isHHi3-Rt[imt3 (Incremental Moment-Curvature Method) 

tRintiRimmHHtiBBtiiflininMHSRimtJtmTnjRiBiRMTRRciBmRBBaifiaHHia BtiRiiunii 

V 1 U 1 U V 

(moment-curvature relationship) RIHUIIUnmitliafH Si3nfTlJrai3raRfli3|?fii3 St3m[HU[HtlJnt3 
IBtUIWRHMIBHSRlRITRlStllRI tJBUlIlfmBlRaiUB fl.6(d) filTBIti strain s„ ISltnCUtflSfiTlH 

U n i Li ot y m -nj tt u U l r ct 

HmtJuti 
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(j) C r 


^ cr 
C 


M 


F I 

^c 1 cr 


(7.14) 


ititlJ e„ til strain IBlTHfiM«MiamiMi3niUMraRa&iaiTfiiUtiH Sl3M tilHHl3MIUltitlIIHUtntlI 

tr u n i U i v i u v- 

Slti prestressing primary moment Mj injnai39|UtigHaiUMH8mRltiwfitJlI[tJn 1 mHlGMIIMI 


MHffli 7.14 iSftilm tsisiffititns 

vJ -o 

r _ 47c _ Me 

1 cr ~ ~ r 

^c^cr f 

ttitu f tiinaTsnaraMranaialTHtiMiiMiamiMaHiuMHsrnH i 

J l U i U n i 


(7.15) 


Flowchart wraiuRimmfTiritiiufTiHs gaMTHiuMtitinTmHBmnBaiaifiaHHti Btimnma 

U cu Li U Li v 

HlBUiJHTlIBlritiJTJg tl.Cal 

U1 -O cj U 


f START ^ 



Figure 7.8 Flowchart for immediate moment-curvature camber and deflection. 
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(a) 


Subroutine for /. method 


( START ) 



(b) 

Subroutine for bilinear method 

( START ) 


Check bottom stress at midsection for working load 



Figure 7.8 Continued 
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(c) 


Subroutine for incremental moment-curvature method 



Figure 7.8 Continued 
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Figure 7.8 Continued 
ri.6. fnci^imtijrtficustTfriHmntjamGfm 

cu U <$• ^ 

i 

Short-Term Deflection at Service Load 

CH.ts.fT. EjSlUlJtLfl CU.m Non-Composite Uncracked Double T-Beam Deflection 

n[mnmntfiuiH9nMBiTiH3 ( JEu:tncus> miuib 12 dt 34 Beam talnagmumm 6.§> 
UjEUifU (a)‘JnHHtiatitlIfnnilJtlIint3HafHtnB/^ U/ e , (incremental 

moment-curvature method) 1 gHJi3Sl superimposed service load 1,1 (X) plf{\ 6. IkN / m) Sx3 
superimposed dead load 100 plf (l.5kN / m) 1 gHtSiJUs! bonded pretensioned tjlHtlJSl) stress- 
relieved strands 7-wire-270ksi ( f pu = 27 Ok, si = 1,862 MPa ) HtifiBn 1 / 2/«.(l 2.7mm) QSS 16 
c a„, = 2.448m 2 ) *i lalnaEimummiBSHaRnfifnititiiiHiflMitJRHBiainiRaTmaialnafnitumai 

//J ot Vll Li l U o* 

HHtiStsEURiniSI MBntslIflgilTl (jack) strand ItllHtJtli 0.70/ p „!tJWtnBClRml3ipRti|ml3lBH 
Pj = 462,6721b 1 l{URl3yflt3|tJMSfnn P e = 379,391//? IRflmBIBlintlIItifniHBiRflamt3Rfifll3 t? 
30ttjnmmintiifii9Ta saHSRRdmnjfiioiRutimTMffismncusi^Hfj i 

ty Lj vJ U- Li 


/nncftrr fnmma 3tifm[m[eftinpmps 


453 



HmlsjiramMfuiaSilcij 


NPIC 


W L ■ 1100 plf (16.05 kN/m) 




I 

Figure 7.9 


— *\ L — 43 / 4 " 

Beam geometry of Example 4.1. 


ssstu: 

ct 

(a) CUR[Ui:GJ[lJlHT[Fi (geometrical properties) ( JUG fD.d) 
A c ~ 97 Sin . 2 (6,3 1 0cm 2 j 
7 C = 86,072m. 4 (3.59 -10 6 cm 4 ) 

S b = 3,340m. 3 (5.47- 10 6 cm 3 ) 

S* = 10,458m. 3 
W D =1,019 plf USRtTltU 

W SD = 100plf(lA6kN / m) 

W L =1,100 plf (l6.05kN / m) 
e c = 22.02 in. 
e e =12.77 in. 
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c b = 25.11 in. 


c t = 8.23 in. 


A 


~ps 


16x0.153 = 2.448m. 2 (l5.3cm 2 ) 


P t = 462, 672(2, 058)UV) IBlttlUJIlSJ 

P e =379,391»(1.688j«V) 

(b) tU R 0J1 : fil HI J : (material properties) 

V / S = 2.39z«. 

RH = 70% 

f' c = 5,000/«7 

f' cj = 3,1 50 psi 

f pu = 210,000 psi(l,862MPa) 

f pi = 189,000 psi{l,303MPa) 

f pe =154,980 psi(l, 061 MPa) 

f py = 230,000 psi 

E ps =28.5 10 6 psi(l96GPa) 

(c) Rl3]tnl3HSnT1?i (allowable stresses) 
f ci = 2,250 psi 

f c = 2,250 psi 

f ti = 1 84 psi C RtUTltbltyti) 
f t = 849 psi c muntuta) 

tStnmgiemm(a) 

i. RtiTsniatslTRiatJSfnfiRtimtuttuiJ 

1 Li U l n c* 

imamBBnjrmBnmuntiiinia 



xl2 = 5,502,600 in. -lb 


(a) t si tn tut til (at transfer) 


fnntfm mntmtt Stimtpuptinpmps 455 




HtmlsjimmfjfuitiftBcij 


r 13 jsn 13 tti cu |r f tn a ti on siB 


nwHmi4.ia 


/•=-4 


^ 


+ V 


r 2 y 


M 


D 


462,672 ( 22.02x8.73^ 5,502,600 


978 


88.0 


10,458 


= +501-526 = -25/wi(c)</, = +184/wi(r). O.K. 


P 


/fc=--r 


i + 


r 2 J 


M 


D 


\ V 

462,672 ( 22.02 x 25.77 ^ . 5,502,600 


978 


88.0 


3,340 


= -3,524 + 1,647 - -1,877 p«(c) < -2,250 psi . O.K. 
(p) tslmmmsmfimt (service load) 

i 

M sd = 10 °( 60 ) 12 = 540,000m. - lb(6\kN.m) 

8 

M L = 1 ’ 100 M) 12 = 5,940,000m. - lb{612kN m) 

5,940,000 


8 


uJimwmjBfiHitSi = 


10,458 


= -568 psi(c) 


uJimtmraBRHitsi f h = 5 ’ 940 ’ 00Q = i,778^/(r) 

3,340 

HH13MJTJ M t =M d + M sd +M l = 5,502,600 + 6,480,000 

- 1 1,982,600m. - lb{\,354kN.m) 

HfilHITIJ 4.3a 


rt _ 1 e 

J ~ A. 


Y _ e c c t 


c V 

379,391^ 

978 


r 2 y 


m 7 


1- 


V 


22.02x8.23 

88.0 


11,982,600 

10,458 


= +411-1146 = -135psi <f c =-2,250 psi 
nMHfTlJ4.3b 


O.K. 


fb =-T~ 
A c v 


1 + 


t-c^b 
r 2 J 


M 7 


379,391 ( 22.02x25.77^1 , 11,982,600 


978 


88.0 


3,340 


= -2,689 + 3,587 = +698 pis(r)< 849 psi 


O.K. 
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gross moment of inertia i g M|jnnfnimmmfnniJiu i ntimtuiramss 
tRJflQtlin effective moment of inertia I e iMSi3 I g 1 modules of 

rupture /,. =7.5 7/' c =7 . 5-^5,000 =530 psi (minor cracking) 

itfiffi^HjCURnfllfiJlRfnn (conservative) 7.5 1 

2 . ntijsnmaltfifemfigtH 

nrjHfnr4.i 


fti = 67777 = 6^3,750 =367 psi 
f t = 12 fjf = 1275,000 = 849 ps/ 


=12.77 in. 


infltiBTiBlnafiimBiamiHimmRaTmaTHiaHSfnHnnjntiiitiiia uJidjitum =o tiBMRa 

€ 5 » 7 Jctct ] Li Li l n c* Li yet 

NHminanwflunBBitiini i miTBBriBKTRi3TinaH8fnH9THiBlintiiitii9TBfRaTma!iJtiiHiB 

ct Lnj d 1 Li 1 Li d, 71 V 1 Li 

RtHBBtiianarsnaHBtmH o.k. i 

tu w 1 U 1 m 

mntiMfpmsntiffntimm (psi) 



Midspan 

Support 


u 

V 

ft 

Prestress P, only 

+501 

-3.524 

+92 

-2242 

At transfer and W rf 

-25 

-1.877 

+92 

-2242 

Live load only 

-568 

+1,778 

0 

0 

At service load 

-735 

+698 

+75 

-1,839 


(1 psi = 6.895 kPa) 


3. RtUlSIfnCltfltJ St3fncitfn43 (camber) tBltCltUttil 

H basic mechanics of materials tinfiJHfilJ fO.e) filTHIt) a = 1/2 camber tSlRtUTICUtCUil 

■va U n 0 

ttiCUtltUTlCUn single harp U depression IBIlJRI|TIRl3|Rii3R 

Pe c l 2 | P(e e -e c )l 3 * 2 
8 El 24EI 

gtslSS E ci = 57,0007777 = 57,00073,750 = 3.49 ■ 10 6 psi( 24. IMPa) 


£ c = 57,000777^ = 57,00075,000 = 4.03 • 10 6 psi(21.mPa) 

462,672 x 22.02 x (60 x 12) 2 + 462,672 x (12.77 -22.02)(60xl2) 2 
Pl 8 x 3.49 -10 6 x 86,702 24 x 3.49 ■ 10 6 x 86,072 


mcitim mcnmti stimipuptinpmps 
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PC/l/MV 
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= -2.20 + 0.31 = -1.89m.(48mm)t 

mniJiuiffraiwiB* (camber) nunmniiHHnnRinairaRaTfnauinin* i usmtitutslma 

vJ v ' n cu Li i Li i run & en c* 

lm.R 1,019/12 = 84.9 lb /in. ItlimmniftullJnraiimwriuBRtiltljR S D i=5wl 4 /384EI 

5x84.9(60xl2) 4 = 

384 x 3.49 -10 6 x 86,072 

timSS net camber IsIltlUJltiJR -1.89 T +0.99 1= -0.90 in. T (25mm) 

4. R[LnmfnnUltJinH9fiJmtTfnSHtri service load mSfflRHRtTUS 

CU | Li | U 

(a) fnntflunJimMlI superimposed dead load 
lultmjll E c =4.03-10 6 psi 


Ssd =0-99 


E„; 


100 


V 


1,019 


= 0.99 


3.49 

403 


A 


100 

1,019 


= 0.08m.(2.0mm)'i 


(b) fnniJimflirawiraBRHitsi 


3 L = 


= 5(1 100X60 X12) 4 x 1 = 0 _ 93in _ 4, 


384 E C I C 384 x 4.03 -10 6 x 86,072 12 


IMBRMltitna camber BtimntiimmrinWSITR'lHHtn service load HISEjQSliUTfnH: 

ns iu U u Li 

camber l^mMlIRH1l3IUIRl3|ml3fiyl3 = 1.89m.(48mm)T 
fnmJlUUJimtmiUBRtiltlj = 0.99m.(25mm) i 
fnmJlUUJimtmi superimposed dead load = 0.08m.(2mm) 4 
net deflection tSltCICUttaJ = -1.89 + 0.99 = -0.90m. T 
TUMBraiRnmininmni^uiiJimtmiRimRutirifinjnmtiiiuiRiJtiiimrintii 30tti tsns 

U <£* V ts 

camber {jnltnSfflfitJSffitnS 


= 1.89 


''462,672-379,390 


V 


462,672 


= 1.89 


r 0.34 ^ 


v 


462,672 


= 0.34m. 4 


fimmsitmaj(b) 


AamiJtmmtnffJGmanBfi6 SiJfftflfffi] (incremental moment curvature method) 

A p = Pj -P e = 462,672 - 379,39 1 = 83,28 \lb(370kN) 

mmumwnmjmthmtmTntrititmntiTenm9ltmttfT 

U Uv U tu U I U 


lSlJtli:intU7tt3 E ri = 3.49 10 6 


psi 


(i) itfimimiRtntiituRtitmti p t 
Rirniwiniti: 
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f f = +50 1 psi 
f b =-3,524 psi 

e* = — = +144-10 _6 wi./ih. 

3.49 -10 6 

e cb = -l,010-10 _6 m.//n. 

iwbIh: 

f ' = +92 psi 
fb = -2,242 psi 
s x e = 26 -10 -6 in. / in. 
s et = -642- 10 -6 in. I in. 

( 1 psi = 6.895 kPa ) 

stiusmTitu p +w D 

ntimtuttua: 

n c? 

f x - -25 psi el = -7.2 ■ 10 ~ 6 in./in. 

f b = -l,877/?5/ s cb = -537.8 -10~ 6 in./ in. 
9|h: tiamstimon (i) 

uIthuthhj strain ftinranmninfitmiratiinjfitiTtnti 

Lj Liu ci Li l Li 


-AP = 83,281//? 


E ci =3.49-10 6 psi 


ffsmtmnmtumt] 


a r=- 


(- A/3 ) f , ec f 

'c V r 2 J 


83,281 


978 


1- 


22.02x8.23' 

8833 


A si = ——f = -26 -10 6 in. I in. 

3.49 -10 6 


A 4 =- 


(-A P) 


f 


1 + 


c 

634 


V 


ecjf 
r 2 J 


83,281 


978 


A s rh = — , = +182-10 6 in./in. 

3.49 -10 6 


1 + 


22.02x25.77 

883) 


\ 


V8mtrirfii9[B 


Af =" 


(-AP) r ec ^ 

4 2 

A c V r y 


83,281 

978 


1- 


12.77x8.23 

88.0 
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= -90 psi(c) 


= +634 psif) 


-16.5 psi(c) 
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A e f = ^ ^ =-510 6 in. I in. 

c - — - -v6 


3.49 -10 c 


44 =- 


(“A P) 


f 


A. 


1 + 


be ~ 


c v 

404 


ec h 

>- 2 y 


3.4910 


978 

= + 116 - 10 _6 /«.//«. 


83,2814 12.77x25.77 
1 + 


88.0 


= 404 psi(r) 


itfimun strain igimtuitiiuiBHriiw strain 

ran strain ITfnHHin service load tTmminnJJiafafilritilTUfitiTtnti tJBUiJlfmBinaiUB ft 90 1 

U U mUiUTjLn-octTJ 

1 

nras n ).90 


mamtiiBimuntuitiia 

ci o’ 

_ 090 _ 1 1 o 

6. = xlO -6 =-27.82 I0~ 6 rad/in. 

34 

Z'jfi oi 

6, = xlO -6 =-16.09-10 ~ 6 rad /in. 

e 34 





Figure 7.10 Strain distribution across section depth at prestress transfer in Example 7.4. 

nras tie). MTHIli a = l/ 2, camber lUMBHltJtlinnmtlllHri P„ R 

V Li c* Cl c 
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s e t= 4> c 


v 8 y 


Me-<t>c ) 


24 


= -27.82 .10-6 (60x 12) 2 +( _ [609 + 27 , 82) . 10 -6 ( 60x12 f 
8 24 

= -1.80 + 0.25 = -1.55m. T (39 mm) (camber) 


tatMitijtimiglBti (-1.89 + 0 . 34 )= -i.55m. t 
ICbRHS 1 fnntJimStlJUtUlinJHnnUSnfltlj W D . superimposed dead load W SD BtiTJBfiHITjJ 

Qtim^mHmn^mtimtnsnmmanmsrdnmHfnnSiuiJimrdaQtsisn 20% tsl 40% 

cu 1 nj n eu 

1 tfstss innimnmHiiJtiimmmialrau 

UU & v T i v utu U 

U & Lj eJ eJi^J c> eu c> 1 Li 


tit*. fnni^uimrtnmsmMGmmfitaTfntiiiJtiJtras 

cu c* U 1 U U 

Short-Term Deflection of Cracked Prestressed Beams 
cig.fi. fiicirhmmrtcinjsmMcmalfihggitnjan dm raMsmHSfiifitnstras 

CU ct c* ^ u | U 

Short-Term Deflection of Cracked Prestressed Beam in Example 7.3 if cracked 

qaiwmn ri.6 : lifts jrmmgmunan rt.cn ttfim (a) bilinear method, (b)lnHHiatuMgmnHunu 
cuR8[ihfji3|?fii3sini f b =i50psi (itJwnattntimminaRiHntiiaHgtiiiJiB /, 

= 530 psi ) I|fTlHHiri service load !SlRnJlinJiWl3^i3MnM81l3i|mH^SM^J f b = -56 psi(c) 
IBlntiqmWIiminJfiHB 1 fiiasitjl net beam camber ltiWU[lhlWnRHimTURm?nt3 StitlSRtfltUR 
8 = 0.95 in. 1 

Aa/ngfftnm: 

Net tensile stress US1UC1 first cracking load |Ri3HEjElJEjlGR f net =fb-fr = 1 50-530 

= +220/»«(r) i nras rim, AiatmammiJwunmwiiJimhndRUBnHitsnBltntiMnMSfiaitfTiHn 
+ 1,778 psi i isluncmss itfimwii w L = 1,100 pif QiMmsusmSmHstnsm^jHisna^fnasicrisi 
tpiiiMiiMSitiipHn 

(1,778-220) 11AA A .. .. 

w, = — x 1,1 00 = 964 plf 

1,778 

964 . 

= = 80 Ib/m. 

12 
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mntfiutanimmtfim i g isHsmmtiWHmftjsii 


8„ =■ 


5 wf 


5x80(60xl2) 4 


384 E c I g 384 x 4.03 -10 6 x 86,072 

(a) bilinear method 


= 0.8m. i (20 mm) 


dl(l-l.6^n p p p ) 


I = n A 

cr n, p r *-ps 

E ps 28.5 -10 6 
n v = = — = 7.07 

E c 4.03 • 10 6 


d p =e c +c t = 22.02 + 8.23 = 30.25 in. > 0.8 li = 21 Pin. 


d p UJtllip = 30.25m. 

2.448 


Stf A„ s = 2.448m/ ISIS 


Pi 


PS 


bdp 144x30.25 


- 0.0006 


I cr = 7.07 x 2.448(30.25 ) 2 (l -1.6V7.07 x 0.0006) 

= 14, 187m. 4 (5.9-10 5 cm 4 ) 

nnijmntauaRMimiJnnS^jHsmmpsR 


1,100-964 

w 2 = — — = 1 1.3/0 /m. 


8„ = 


1,100x12 

5 w 2 l 4 
384 E C I„ 


5xll.3(60xl2) 4 


384 x 4.03- 10° x 14,187 
= 0.69 in. V (l7 mm) 

titnsg mntJmHiuuJtmjnmwnuBRHitji 

V 1 (n & 

5 l = 0.80 + 0.69 = + 1.49m. V (38 mm) 

(b) (effective moment inertia moment ) I e 

nfJHfTU 7 . 10 b 


h = 


/ \ 3 

V ^ a J 


1- 


/ \ 3 

V ^ a J 


I < I 

± cr — g 


nrjHfm7.11 


V ^ a J 


= 1 - 


h 


f tl = na|inaMiut3i3itmm = +i50psi(r) 

f r = Hgnjtfra =530 psi tnsnttufiHs 
f L = RtitmtiuarmiTsi = 1,778;™/ 
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f 

V 

f 

V 

I 


M 


cr 


M 

M 


= 1 - 


a J 
A 3 


750-530 

1,778 


= 1-0.124 = 0.876 


cr 


M 


= 0.67 


a J 


= 0.67 x 86,072 + (l - 0.67)14,1 87 


= 62,350m. 4 

H1l3?1t3Ml?nJSRmt3JfiJnJ= 1,100/12 = 92/Z? / m. 

1 o, 1 

mntfimtiEUunmwnusnmtii 

n <si 

S L = 5x92(60x12) = , 2g/n | ( 33mm ) 

384 x 4.03 -10 6 x 62,350 

1 .49m. islRla^mini|rinffi (a) traticun s L = +\ A9in. i 1 ijij 
final net long-term deflection ipffiinOJ81?itJi3SijmJiCUfnsnjtJtjlfriril31Slnl3 

gsiuiinfi rt.s» *1 


rt.e). stimtuna 

Construction of Moment- Curvature Diagram 

^f/7//Z^n!^/ijJfdl3£3nTfnHSmfisSl3HHi3 Sl3m[ldll3MTHltjH8fTliiR[UllflJlCUl3rafj bonded 

V U U v U 1 c\ & 

doubie-T beam islmigmuiinfi nl. in mTHiti^rnistsfnnnsigil3sfmTHtJTHCuril3mftiSij8il3 

ct Li w tj Li Liu U V 

ipH: 

1. f pi = 189,000/75/ tuoranmniifin p t 

2. m|Hti[Hcuni 3 mjmsiincu f pe =154,980/75/ Hsincumtisnssini 

3. ISlintUtiRRHia (decompression) lSl^i3S^SHSrafiittiRl|tJf7l3|?fll3 

4. lSlinnifll3|?fll31§mJtiCUH^CUtiTO (modulus of rupture) 

5. HsmmtituHisiftjs 1 ^islfdnfdsimnj = 0.001 /«.//«. 

6. BSmmtiCUHlSlftlS 1 m{Hd|HEUm3mjtJ ^ISlfiinfilSimS =0.003 in./ in. 

thn/mitmm: 

1 . tjmrfmnfTtfffitritiTmrrtirtriiJ 

4 tu U 1 u 

nsssffifdTHitigsiuuan fi.m nt3Tfnt3ntirnciJtciJt3t^ciJtJcifincuHntfinn^rit3tmnt3T?fitaB 

c* U 1 u no ci cu Lj 1 Lj 

HlStiQ81l31|fnH: 


mntim mcnmti 
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/ r = +50 1 psi 


f b = -3,524 psi 


4 = 


= +144-10 6 in. I in. 


^ cb 


3.49 -10 c 
-3,524 


= -1,010 -10 _6 m./m. 


3.49-10 
__ je cb -£*') _ (-1,010-144) 
% h 34 


xl0“ 6 =-33.94 -10~ 6 rad /in. 


nqmumifi rt.cn HHtiitinmnmtiJHRn p i + m D r m, = -462,672 x 22.02+5,502,600 


= -4.69-10 6 m.-» 

2 . finfnrimnjtimtmnnj&mui] 

iginaSirninmnmnnantiinBumu RiHiuMHHia m v IStuumntUHnnusRssicnmftns 

ct a & m v 5 n dj L»y 

imtJimfnimnuBmnatmaialnaiiJmiuRtitmaiinniJtiiMBji nqmtnmri 6.9, p e = 3i9,39Vb 1 
mss 


P e 379,391 


= 0.82 


P L 462.672 

Rt3T?ni3 samrauTHtijnamtmslRtuiitiJitijmntmtimHimramiTffia p r 

1 U U Uu ij n e» <ii ni u 1 u t 

// = +501 psi 
f cb = -3,524/75/ 
s[ =+144-10“ 6 in./ in. 
s cb = —1,010 - 10 ~ 6 in./in. 

RiRnBmultHutHwnainjuiuiRiJciifinjnnRicii p e tiBBUHtfriH: 
s[ = 0.82(144 ■ 10“ 6 )= 118- 10“ 6 in. I in. 

s cb = 0.82(-l,010 ■ 10“ 6 )= -828 ■ 10“ 6 m./m. 
RiiriTiJimnlTHnTHtiinaintuBaRimiJBHiiJciinuiiniBlntiiug ri.99 

U U Uu U su Vc' l/1 tt JJ 

_ j £ cb ~ g c) _ (— 828 — 1 18)l0~ 6 _ 


^2 


h 


34 


-27.82-10 6 rad /in. 


HHtiitfwmunwrraBRgB'im m =0 


QtuntiirnnuaiQnmrHUTHtijriamfmsInams ri.®® RunmtunmrimmmiTffia p„ *\ 

U Liu lJ tj ei tu Li 1 Li c 

iTutinrRiHgBiRgBtiRtiTfliti samiHUTHtunamturniras ri.®ta rjtHimSmmmiTfna smm 

U e_J U 1 U U Uu U ct v U U 1 u u 

1 

tinTRIHRlaiUB ril.9m MTinuraRaiBmnniIRRiaTRiatiimMaHIHim: strain compatibility 1 

eJUct^ U 1 eJ 1 U n 1 J 
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Figure 7.1 1 Strain distribution due only to prestress P a 
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Figure 7.1 2 Stress-strain diagram forjin. (12.7 mm) dia prestressing tendons. 
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Figure 7.1 3 Stress-strain diagram for f c = 5,000 psi concrete. 
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3. fimrimwiTmatfnuafftft&matifitiTmtitutiijmnsIffiiigmtjgffamMttImruffijrmi] 

U ** y I & t W U U Lf I Ij t U 

nras ri.®b mTHUTHninaintuiafriiiJnuamalTHtialgrafiBHaiiJniTURaTinan 

V Li Liu lJ d-i Li V Li 1 *s L 11 L 1 

s deromn = -828 ■ 10“ 6 X 26X)] - = 723 • 10 ~ 6 in./in. 

p 26.01 + 3.75 

nM f P e 154,980 in -6- /■ 

St3 s np = — — = - = 5,636-10 m./in. 

1 E ps 27.5 -10 6 

(compatibility) bonded 

beam HismmtJTHtunlimftJJlQfn SQtt3njRl3Tffil3mnimrjra?il3tt3njns^ni!imsigll3^HifTifi 

U Uy U 7 J 7 J l U ~o 1 e»l-o vJ Ed 

USffiRl3T?fll3Ml3mslT?il3S!STtJ^SHSrafjlJlmTtJRl3Tfnl3JUl?it3tUlMrdST 1 titslSS 

1 U n U v U 1 vr U 1 Li V V u v 

mtHtl|HtUni3mjuriJra s pe = 5,636 -10“ 6 + 723 -10“ 6 =6,359 -10“ 6 m./m. 
ntimmHssiRsstiRmmu summtimtunmGfmsImiras nl.9l£) marefiia 

eJ Li ] Li Li Liu U d y ] Li 


fpe =177,00 psi 


tirnss miiatns 


P e ltiEUmfi3{HCU= 177,000 X 0. 153 X 16 = 433,296 


f' mnjlRri3|Htu=- 


433,296 


978 


1- 


22.02x8.23 


88.0 


= +469p5/'(r ) 


4.03 lO 6 
f h iJ3tumrd|Htu 
-3,300 


469 

= 116-10 6 in./ in. 


433,296 


978 


1 + 


22.02x25.77 

884) 


= -3,300psi(c) 


& cb 


4.03 -10 fc 


= -819-10' 6 m./m 


j. M decomp x 4 ^ decomp 2.02 

f decomp = = 7^777, = 2,884p« 


86,072 


M 


2,884x86,072 


decomp 

r = 


22.02 

t M decomp 11.27 -10 6 




= 1 1 .27 • 10° in. - lb\\ .27 • 10° N.m ) 
= -1,078 psi{c) 


S f 10,458 

net stress / f = -1,078 + 469 = -609 psi[c\4.\6MPo) 

, = ~ 609 =-\5l.l-10~ 6 inJin. 

‘ ~~ - -vO 


fb = 


4.03 -10 c 
1 1.27 -10 6 11.27-10 6 


S b 3,340 

net stress f b = +3,374 - 3,300 = +14psi(T ) 


= +3,374 psi(T) 


^ cb 


74 

4.03 -10 6 


= +18.4-10“ 6 m./m 
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decomp 


A £ cb-£c)_ (18.4 + 151.1) 
h 34 


xl0“ 6 =+4.99 -IQ- 6 rad /in. 


M =11.27 -10 6 in. -lb 

ras ri.sti gamTHUTHtunaintuigintinHiajiainatmBmniami 

y V Li i Li Li Liu U ct ct ct «n. 


tarn 


4.24" 

| + 469 p*i 


-1078 


-609 pti 


-151.2 X 10”* 





<«) 


(b) 


(Cl 


+18.4 X 10- 
(d) 


Figure 7.14 Stress distribution at decompression in Example 7.6. (a) Loading 
stress, (b) Decompression stress, (c) Final stress, (d) Unit strain. 

4. finmntnwvqtutfifs 

f r = l.SAfff = 7.5^/5,000 = 530 psi 


M = S, 


7.5AfJf + ^ 


P f — A 


1 


ec b 


V r )_ 

nitunHs HtiBnriaMHrmsitiiw^ 3,300 psi 1 

titHSS M cr = 3,340(530 + 3,300) = 12.8 -10 6 in. -lb 

net bottom concrete stress = H^CUolQ/,. ErJ [H4 TJ n J tin t S § = +530/rv/(7') 

£ cb ~ 


= +132-10 ~ 6 in. tin. 


f = 


4.03-10 

12.810 f 


= -\,22Apsi(c) 


10,458 

net stress / 1 = -1,224 + 469 = -755 psi(c) 
e* c = - = -187-10 ~ 6 in./in. 


4.03 -10 c 

hb-e'c) (132 + 187) , 
h 34 


<j) s = ^ cb 1 -V X 1Q- 6 

= +9.38 ■ 10 ~ 6 rad /in. 
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5. dmnrnmsrnrimaiipmfpg, =0.001 m./m. 

MflHB. s pe = 6,359 ■ 10' 6 =0.0064m./m. 1 ?TlHmJrinRCUJt3 BtilfiflfHf WSfiRHfjfffij 
ififi c = i.5/«. i iuim 

Ri3 bonded prestressing strand tt3CUUCUTICUn s c = O.OOlin./in. ISlMJIMSimSmsfi lUlffin{fi 
IfTllUltits (similar triangle) tSlntiJUS nl.9&! 

= (30-25 ~ L5 ) x Q 0Q1 = o . 0192 m./m. 
ps 1.5 

t3t5tS8 £ m .fi3iU =0.0192 + 0.0064 = 0.0256 in./ in. 

V P* l 

nt3nTpnHssnpTsstiJfnl3nt3T?fil3 slimTHtJTHCunmtiftjrafjitImTtJRaTffimsiRRras 

U Li i Li Li Liu U Li i Li o* JJ 

nl.9l0 Ri3T?fll31t3nJT?i!Sl3mHmTHtJTHtUril3mftJf nt fdJdR 

1 U Liu ru Li Liy |J \ 


f ps = 260,000 psi 

SD A = 16x0.153 = 2.448m. 2 

P* 

t3mss RHIttSim T n = 260,000 X 2.448 = 636,480/Z? 

U m -o p 

njus nl.9fn, f c =3,000 psi {RlfpSti £ c =0.001m./m. 1 
ISIS RBItifLitiR C c =(l 2x12x1. 5)3, 000 = 648, 000 >T = 636, 480/Z? 


titslSS mRJfTlRtJStlJRHMHmtUlfn 

U u n O 



Figure 7.15 Strain distribution at e c = 0.001 in./in. in Example 7.5. 


emnmjtnmSnT 

MSR c = 1.45m. 1 1SIS 

= (30.25 - 1 .45) ' 

ps 1.45 

StJ MIU= 0.0199 + 0.0064 = 0.0263 in./ in. 

ps i 
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nras ri.®m./ ps S255.000/WI. T p =255,000 X 2.448 = 624, 2401b Sti 


C c = (l2 x 12 x 1.45)3000 = 624,400/Z? = T p 1 tiGtSS cftitUMBH = 1.45m. B0.K1 


f 


M n = 624,240 
SRHfiJHRlJ 7.5d 


30.25- 


1.45 


V 


= 1 8.4 -10 6 in. -lb 


/ 


<t> u = — = —— = 690-10 6 radlin. 
u c 1.45 

6. ^mnmmsmrtmaMimpjgmn}, s c =0.003 in. I in. (ultimate load) 

s r = 0.003 in./ in. tilUITHUTHtlinaintUHHnnnilJtllHBtmnuJim ACI Code ITfTIHHin 

c. u Uu lJ i m U 

ultimate load 1 fJSR f ps = 263,000 psi 1 1SIS 


a = 


A psf , 


psJ ps 


2.448x263,000 


= 1 . 1 in. 


nras ri.stf 


0.85 f' c b 0.85x5,000x144 
c = — = ^2 = 1.38m. 

A 0.8 


30 25 — 1 38 

e m = — —x 0.003 = 0.0628 in.! in. 


-ps 


1.38 


. FlJ J tJ = 0.0628 + 0.0064 = 0.0692m. / in. 

ps , 


$-690 



Figure 7.16 Moment-curvature diagram of Example 7.6. 

nSji{mH9siR9st3iJit3Ri3ynt3 sum [hr [H ni niamjui si RR m 9 ri.sm. f ps = f pu =270,000 psi 1 

titHSS 1 jTJ ci = 1.1m. lutu§j 


mcitim mcnmti Samrimptauimpg 


469 


\T.Chhm\ 



HmlsjiramMfuiaSilcij 


NPIC 


Ap S fp S 


, a 

d D 

p 2 


= 2.448x270,000 


y 


30.25 


= 19.6-10 6 in.- lb 


2 , 


ran c = 1 Ain. 

(j) u = — = _ 2,143 ■ 10 -6 rad tin. 

c 1.4 

timmHiBBmriBBtiifitiHHij sarntumimJtnsuaifntsimaras ri.9S i timRiHBBiRBBti 

U Li V L»y Ln "v> ct 5J U U 

ifiauBR BamniJiuHiBBTHtiTMuJtiam luimimaintiMBiJiBfirarnriiJnTfTiHBBnnBBaifiaHHti 

Li Li U c* ot cr -o U Li JJ 

1 

Bti mnnttn 


rt.rt. fi9ticuisjm:tcicutfmsitcufnciiJiu atimtnmti 

o* 

Long-Term Effects on Deflection and Camber 
ri.ri.fi. IStHtJJUl PCI (PCI Multipliers Method) 

aci Code tiWBJMHmisianmHMTinutiiBramiiniHRiminTMBiBaintiiMTinufnniJiu 

Cl V Li Li Li i Li Li 

iBHamuRainiRaTHia: 

n i U i U 


tficu £ = IHR[mm|MmiritlIM|piUUBRHBI^t3 (sustained load) 
p'= tinntijUltiRJtiRUMtifi 


A = iHRiuiMTHiumniJimmuntiimimBH 

1 U V 

RtiSTHiaTWltittim PCI multipliers method titlisJlHRIUl C, ItJtUHHRBntlllaimuntlltm 

ctUUUct A Cl U 1 1 & V 

lalRtiHtimuRtiinjRtiTtnin !r c, swru ialRiaMHRii7.i6 itiimimiRiiRnjiRflintJm sti 

Ct r> 1 U 1 Li 1 1 Ct 

camber im:intlItmiBlRtiHl3RITTIRaTHil3inBtlIR[m:MRWimtili3 UJlGJM'lIRfl'UJBBltilTRlH: 

v ca n U i U n v U 

1. RBntium:intuiJi3iBRHiaiTtiRi3THia santmmmmiTma i 

g3 (U Li 1 Li Li ] Li 

2. RinRBiBTi3ianMMtiraMraRanRiminniRini3iniRi3Tini3tsmt58iflimtmiRiJTiRuia i 

vJ 1 Cl l u (II u 1 U 1 

3. fiSntUISfnntjTO Sl3 camber RtiHBTtiinUJtJlOTa 1 

c3 c* VJ VJ 

uJirawiiRRiBiiaiB* mHSHiQtfUfjHfm 7.16 is 1 

ffinil ft 9 tiWBftHfinmBfilEltflU Sl3 camber 3TlH9fc!fi3HiHl TUMSTO camber StifTin 

ci v 1 su eJ Li 

ihuiiJwtnBRniiBinfiuaTRJtnBRRiJiBiflimiBTRriRiiBHTRRnRBntiiiBRunRutiRinainiRaTHia 

V Liu vJ d eJ g3 m Li I Li 


1 Si ltd camber 1 
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Shaikh SiJ Brason IlUimtsl IRmBBBWtnBBiRlIRIHUBmTfiHtHTBtrrBf camber JCUrtnCU 

u V «>■ [tn V 

miuJimfniulBHiiJRHBiiaiTURaTsnai iBinamnjiiB* miriBiraiHRimiiJtiifnHUBm c 9 ttitu 

V tN u | U ct Li i *n.Z< 


c _C i +A i /A p4 . 

1 + A 5 / A ps 

ttJtu c, = mRnjilSthtnsnfnna n).9 

a s = inBpltiiuMitJRHBiaitunaiina 


(7.17) 


Table 7.1 C, Multipliers for Long-Term Camber and Deflection 



Without 

composite 

topping 

With 

composite 

topping 

At erection: 



(1) Deflection (downward) component — apply to the 
elastic deflection due to the member weight at release 
of prestress 

1.85 

1.85 

(2) Camber (upward) component — apply to the elastic 
camber due to prestress at the time of release of 
prestress 
Final: 

1.80 

1.80 

(3) Deflection (downward) component — apply to the 
elastic deflection due to the member weight at release 
of prestress 

2.70 

2.40 

(4) Camber (upward) component — apply to the elastic 
camber due to prestress at the time of release of 
prestress 

2.45 

2.20 

(5) Deflection (downward) — apply to the elastic deflection 
due to the superimposed dead load only 

3.00 

3.00 

(6) Deflection (downward) — apply to the elastic deflection 
caused by the composite topping 


2.30 


ri.ri.8.^SmnJiBtnmnnJ (Incremental Time-Steps Method) 

ISmimBITlHintll (incremental time-steps method) RnDnWUBjlBRIIRnilBimniJlUtilHm 
BaRlIRnJlBimmRUitttiimMU creep, shrinkage SiJ relaxation l£3tUm|fdffiSi3inCU 1 RlIRIUlBirl 
SlRraMiTt^aufliuaiBR^iiBBBiBisinniiiJnnTSMnMiihmnDnmHiniRiinjitBiiJBRimRiuM 

Li eJ tn U cu U 

1 

mtHUtHnintilBjUIURatilRtlTlR (specific concrete strain limits) 

e c \ =0.001 Si3 s ( .\ =0.002 in./ in. Sr3 ultimate allowable strain s cl =0.003 in./ in. *1 IRRIU1S1 


mn&m tncnmts SamipuptiMimps 
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minruimuiTHUTHtunaintu mnma santrianunarfnarjTHiuQiisisiinnjsHm^tjiHmsamMs 

Li Li Liu U nj Li ] Li Li fu u u 

tanuTiHutiiiJimMiralTHUTHtiiraMfnnHing creep su relaxation nJtmrintnBntiBiBisintmB'is 1 

inTHfi5rnin[mmiB8tiiiJiiJtii9MTHiut3im8mn?iauaumu BamnStitmimafnimuimiastitii^T 

Lru c> Usu n o v ci 

imt3sfmn^umrMmst3tnmQmfmmrjTHiuH8rnritiiRtirin[unHmis1friHm[irnmitiJt3mrjGH t i 

V Li 1 Li Li 1 U Cl c* ot 

inTHiiSmiHimBiiBSMTHiuBBBBimBiBlitihiininmitiitJBHTRUTmB tistfiminitijinja 

L»U cs' Li U 1 Cl c? Ot U U V Cits' 

BaBniiBHmmnnaiBHTiriBRiuiHiJnTrnHBBiRBaaifiamniJiu aamnina^THiatiinimiMTRRi 

1UWW Li lI S 1 Li 

IHiriBMnMIMHmiBIBlMTHIUHJtllMra (total rotation) IBlBaummBBIBlMntlJtiB8'Ha 

V Li l i v 1 IS- tu V 


rjjTiH: 


</>t=- 


YT + 1L ( p n - 1 ~ P n)jj--i ( C n ~ Q-l )P n . l 


EJc 


(7.18a) 


ttitij p, = mnairanarmaiBHHaintiisinuti 

< cu Li i Li ] 


e x = BiurmBniuM tendon iBlTHitesfTiBiijnHmmHuiiijnmta 

-*• IS- Li 1 u Cl O 

n - 1 = BnJlBBlUlSHtBBIBlSintll (time-step) 
n = saumma time-step tStutnsstintunmmtu 

i ts- 1 

C„ 1. C= tHPTtin creep lalBIlilBBlUlSH StiUtUltsUmU Ilftim 13 time-step [UllHEU 

niii i a i ei ] is- U ot ± u 

p n -p„-i =Rimnutii|URatinaia1tHtiBim8inwnmHmiiJnnRnriRmmaHM 

tfimwa iRiBrninniiaimawnniBrauiajiRiainafniRniiHinfriniJiu Btifnntmaiuw 

Cl C H H Ct 

|UnSRJlSlE3tUH1slwatJa?3 gBtilW1BIlJtlIMtitiin[UnH9 (segmental bridge) tam Jibuti BtifTlJ 
^RnjnntmBiaijgiHmiBfrnitiiaTUHiniimniliu^TBiatiinimiMTRH *\ nrdHrm 7.18a fnntJiurjm 

ci n v Li a l Li i 

iSlTRi3HSfURQJUHUJR 

Li 1 u 

S x =</> t kl 2 (7.18b) 

8tiHitfiim|ym|HU|Hnjnamju8iai|fTiHn8siuiJ[ili nl.nl sna^fnmBHjuaicrnrm 
otinSlRmnSiSHim (incremental rotation) SUHIfUfiird (total rotation) : 

£ ' n l = gross strain ?iJnranmwiHHnriRmai|URa|inaialMiiM8iaiwutiH ttiro 
^=144-10 ~ 6 in./in. (JUSnl.9^) 

c y 

s h n _\ = gross strain !iJwu[imwinriRmai|URa[maiaiMnM8iai|mHutin tutu 


s cb =-1,010-10 ~ 6 in./in. (JUS ri.®d) 
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As'cR n = RinJiBiauitHutHwnainjniflimwii gross creep lalMiiMBiainiutiH tutu 


A£c Rc = 127-1 O' 6 in./ in. (JUS fl.lQO) 


As CRbn = Rin^BWnitHU|HWntiI13jUIl}iraMlI gross creep tBlWIIwmtiipHUtiH IlJtll 
As C Rcb = -895-l(T 6 m./m. (JUS ri.lSO) 

creep A P,n (Sfotfl 169 - 10 _6 m./m. fiBtmCTlfiilltlS ri.bO) 

A V V u 

Net incremental creep strain iuEUStitaEUSf incremental rotation tf> n n 


wtjnuwnwsiainj 

A £ CR,net = {^ £ CR,n ~^ £t ps,n) 

MpiUMIIMBiailfTlH 

A £ CRb,net = {^ £ CRb,n ~ ^ £ psb,n 


(IttinSiSHJfU (incremental rotation) R 


A(/> n = 


^ £ CR,net ^ £ CRhjiet 


(7.19a) 

(7.19b) 

(7.19c) 


Gross 



Figure 7.17 Strain changes and rotations at step n. 


mntim mcnmti 3tifm[mptiMimps 
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tLntUH?£Ufi3ra (total rotation) fnmtfl 

&=&-! + A(j> n (7.20) 

S13H?CU (rotation) H time-step n - 1 tsl time-step n 

TRltnstJDiniisI ntiras n).9nl i 

Uu in -o v 

mnifjwfiwmsisincu (time interval) m{ftfffiSi3fnnfi3jpimt3(mpre^ 
camber 1 fi^HTO time step SH0J9 mmsm[HU|HCUnl3mjmt3nJiJ[lil1flJHRn creep SDfTUJHHI^ 
SD mJ81R0i3RH1l3niJfil3T?Tll3itllffiriJIJ relaxation TR!tnS?i[UlSltiijiJi31(mslRi3gmUlJ[lli (ll.nl 
tBHjSSCUtnsmmsmami) (curvature increment) A(/> 1 US1UHR lfiSi3SSCUtnSHiHf1l3|Fni3 
iltTHUTHCUnDmfiJ sam[UTll3§(Slljt3tJmmS1j(S1itnCU(tlCUiJ(SH curvature increment AS,, tsl 
(fumtuntifdra ^.^sl^onjiQiJimBHtsmmgincuitltumQatns tit 3 §jts 1 m 3 WHfm 7 .i 8 1 
(jlRlfiJi) incremental time-step procedure HlS(UR[Ui:t!i3 1 

mmijSsnjfnntfnDrdra (T) ufrin^nu (sl)i£lcuiJ[ioi(unRHimraRl3Tffil3nri3Hmj7.20 

u i \ / -v* \ / n njUiLi 

S T = (j) T kl 2 (7.21) 

tutu k tjiHSfiHstsicyD stintitnnliHiimufjHsmfi 1 

HRm^ntjit|psws(Ms!g[Hl 3 tt 3 jl 35 M|)mtjmjiiis|UHindfnntlTOU(SHm[Mffisl 3 tncu 


AS nSSIfissDJilDHHl) Stimtlinti ^ IJlCUtnStm|tJfiJ|H10 creep 1 ma Tadros S13 Dilger ttinsn 
^nfitaEUUR modified curvature mHmnmffilEUtinJfdtm SdlllttlCU Naaman PmfnntilUJtimnEU 

[J f v n c? <=* 

ffintJiffi(mmoml3R[imcu(ciJl3 stimnjnmfitisTHTRiknsisincu 1 1 frigsinunfi rdHfnnufj 

V U nc* UULitu 


Naaman fdlHltj parabolic tendon Pi 

2 2 
Ad(t) = (j\ it) 1 — + [(f> 2 (f) - (j) x (f )]^ 

(jlcu ^(t)=rn[unl 3 R[uiiciJtcymsl 8 [ui: t 


(/> 2 {t)= mnfm3tSg[H(sl8[in: t 


ttlcuRmsis 


(/){t)= 


M 


E ce Wc 


(u(U E ce (t)= H^tUloCUlPifdlHCUfnHinCU (time adjusted modulus) 


E ce(t) = 


E c (t\) 


1 + KC c {t) 

(HcuRmsi E r (u) = Hscurafjra?il3tsi(nciJirimBmsmsig(ncu 

ct c \ i / v f i n tu 

C c (t)= mpitui creep isiijDtjmmsijisigincu 
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Approximate Time-Steps Method 

Approximate time-steps method tjllGtt3Wit3RiSsTHi3ffi1i3ri3Hmit3nJiJRtJmCUms!fnn- 

1 1 hU m v u . ct ^ 

£3iumi3HfjiJ3njuniTiwnreR[thm|Mffisi3intuit3jt39i pSara c u tfirafitin creep 


inHiBR[mnm[imtiitfTiHHinnmi3i|TiRi3tmti|TiM9mn p e RiHWHR'iJBitittfnH 

Pe r /_ _ \ e v f P; +P„^ 


*e=^{Pi~Pe) 


EJ 


EJ, 


■ i e 

V 2 J 


E C I C 


C„ 


mnthuBiaipmipHHiri p e r 


Set = -Si +{s i -5 e )~ 


r S ; + S . ' 


C„ 


\ ^ J 


U 


Set = ~S e ~ 


r S i+ Sf 
V 2 J 


c„ 


(7.22) 

(7.23a) 

(7.23b) 


IthmulBHfnniJlUIlJimMiraBRtilW^ Sti superimposed dead load S SD UJUJIiafignUJUJlHJMlI 
creep tiwBiRinJiBmniftuBiaiTRimmTMmBainniliJnraiinitiinRinaiTURaTHia BiauBRHBtTBm 

1 n V i U U nsuLiiU <* [_ri 

(sustained load) y'HSltS'i'jTnH 


AS = -8„ - 


( Sj+S^ 

V 2 J 


c u + (Sd + S SD )(l + C c ) 


IU1BI net deflection MIUBi3ITRimuJtlIIHUtTltlI91i3fnniIlUUJiraWlIUBRHItsIR 

1 1 Li i) v. rfj 

'' 0 c u + (s D + s SD \i+c u )+s L 


S T - - S e - 


(7.24a) 


(7.24b) 


V ^ 7 


IRHlBRUilRfTiniJlURtHRHBJH (intermediate deflection) itflHJtiBMC, §j C u IBlRilMHR'lJ 
7.24a Bilb 1 ioCU 

. 0.60 


c t =- 


10 + f l 


c„ 


(7.25) 


lUtURtilSIS f a60 /(lO + f a60 ) tfltiEUtSjU creep a 

Brason et al. tnBIMBfMHRlIBliaitRIHMtHIUmmRinRBIffflltBfnrilJlUintMmBiaintll 


AS ISMHfnJ 7.24 a aBBliaifRlH: 

(i + T /) 


AS = - 


v- 


k r C t 


Si(p t ) + k r C t S i(D) + K a k r C t 8j ( SD ) 


(7.26) 


ttitu n = p e / p i 


c t = lufiim creep islson: t 


fnntfm mcnmti atsmijsmpttsmmjps 


475 



HmlsjiramMfuiaSilcij 


NPIC 


K a = superimposed load 

= 1.25i -0118 fdjHItj moist-cured concrete 
= 1.13/ -0 ' 095 fd {Hid steam-cured concrete 

t = mtmglintiiitiuaR Rfitfitti 
k r =\I^ + A S I A ps ) ttJCU A s /A ps «1.0 

= 1 MunupnfniHaiHmtiHM 

M|jnumn?iBfnniJlU (deflection increment) GtKjTntn tjaM^JC, ISlRti MHR1J 

7.261 


tticu 


fd|H1u|HHSmSfdHlfiJ (noncomposite beams) mntJlUMITJ S T t Rirntfl 

S D [1 + k t C t ] + S SD [1 + K a k r C t ] + S L (7.27) 


8r,t ~ 8 p i 


a p 

1 - — + A{k t C t ) 


s p = mni^miJniunmnirinmaipRaifna 

a p = nuTimruRarsnaMimiJniHaiHumninunmTTiRaTfnaiHgriMtiiBH (initial elastic 

Li 1 Li 1 V V- Li 1 Li vJ v 

loss) 


A. = l-API2P 0 

ItiniRtiim* p 0 = nmai|URi3|mi3ia1intmtinuTim elastic loss 
= P. Rtstflil elastic loss 1 

l v 

fdTHTdGHfdHIfd fnCltiltJfiJraR 

U Ct ] 


S T = —S 


P‘ 


AP 

1 - +K a k r C u A 


[ 0 


<>»Mv,c„l 




pi 


1 comp. 


A p — A P 

1 c - + k r C u {A-a; V) 


r o 


+ (l + a)k r C u S 


D 


■8 


D 


1 comp 


1 + ak r C u 


1 comp 


' 8 df + 8 l 


tticu A' = l- (AP c / 2Pq ) 


(7.28) 


P 0 = RURRUtilfURatmaiai8[m:!lJtlIIRt?lR composite topping slab UJlHJHaRfiUmtU 
i ni tial elastic loss 

S d j = mtlflinuJirntmi differential shrinkage St3 differential creep ffl 13 B 8 iTth iTI R jjiTI U 
St3 composite topping slab 

= Fy cs l 2 l%E cc I comp MUnUgH9tHtmHm (M|jnunHtilU IJTJIHRIinWHIHJialfllfi 
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rati) 

y CJ =tSmmn9|UfigHaiUMH8fTlHMinMiglB|UfigHBIUM topping slab 
F = RHItiUjCUtflSn differential shrinkage Sti differential creep 
E cc = H^CUISHgmfifiraifiJ 

a = creep strain ISlStin: t iuCUtijRitjltU ultimate creep strain 
= f a60 /(lO + f 0 - 60 ) 1 

^miMitiulMRiTHflaBmntirninniinmHHatiiiuMraHtiE. nmHmrasmjEftmjsn 

3 0 Lru *jct nj u ] ] c U dj 

itajti^^jtnsrdjfiti iBHjSSthtnSfiraratitld creep fJBJHJ 1 

ri.ri.ra. mffiimmmntfimtfiffiRnjgj 

«i 

Computer Methods for Deflection Evaluation 

raraQRMmfnntiimtiiraimnHlattiiti^tiinQS ^ nnisjtjralMRjffiitiiresfiJTiriij time- 

Li v* VJ Li ] cJ rj 0 Li Li 

step method i ms rarnftritft mn^mTftiHmnmjtiiRusnjtiJ^ntiJS BtiimrinwmmtftnBmu 

1 i n L»u Li dj cu v Lm u 

TntiiiJimwnsnjiiiJwmtsiRRinB^ireBiiJtiiMmBlRiilSiBminniiHfTiniJiulnHm i cuRstuisiti 

Liaa Uo.ct was 

isimfististif0R[ih:tsfiriJtii?it3 o niJfjra?itiiticutjifisncuticufnnt3TO tjimwwmnthmmunnjmn 

a i tJ i 0 y 

titiiSS IWRIWtininjiMlBItlltillJtlllJti titstfl cable-stayed bridges thimiffll StilaiSfrimtlflSIfTin 
EJiuEtiHisnrammmtiJ ±40% i mramwwnimiMiniriglntiRHJnnnTBiTRJiSiffftiiiJimramR 

U Li Li Litj U- 8 <n c* \ eJ Liu 0 vJ Li ct 

Tmratiiltamtiiffi^mwcustaCunifiJitiSTiJMsraicutirafjiTtiltiiJtiiltii 

U 1 ne» U 0 Li U in 

ri.rt.ti. fncitiiDJUMf HMtnw 

Deflection of Composite Beams 

minnjiBifTiniJiuiuMnHiTURtiTsntiMHiMinBtiinnjiiTMuJttimBtifnimmBifnniJiu 
fJTHlU noncomposite section ttiJ lltifmTfdfitUlSIStifriffitjlfdtifiJinitjIti TTIMBIUimTU 
incremental time-steps method 1 ^UllBUIBHIBflllinnfnWtmtiMtelSBIUMHtintnRtjmU 
stifdTHiti situ-cast top slab mHmimifitninmtBmdniniWHHtiBtiwmnriHsrnnBiRTWiu 
tslH8mtifi3Hifdis1[?ititafimtufdHraj 1 iSfdntsi mnsMmiBWfinjuiuM shrinkage sti 
mimBBIBlMEltlJ (time-step increments) !tinranmwnmn8M|pi3KtHmM shrinkage IBHSfTlR 
Bifi|finu stimraisH concrete topping ijismtisfnnntnRtitu^mjfTiJfituisi 1 tiltfliuntiw mnjO 
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RHlSRn|SJMTHCUJ3tUfTlJEi[UlS1frin£3ltJ Sti camber lUMHtiHWmMtnBtihttllfia 1 

wt. i eJ Liu n U 


rt.Ca. fnciUlUHSmifi (Permissible Limits of Calculated Deflection) 

ACI Code serviceability tSfnntflTJ 

HBtTTiHHnuiinMTHiutiinsimitsmMHaitiia^iJtiiinantunuialniainna ri.fcn Qtimtii nsncu 

l m U8sne»0 U ct c> 

imnnwraiualljrnritfiu sti camber mstsjrns1?nmntij BtiuJmUfitittntiiWM 

tUU (overstress) 1 

fnnuiuHscmfntjfj aashto uJnjuinmialniainnia ri.tn mBnjnnjUMTfimntiuJimimi 

i m in -vi «=* 8 i U 

miUSaStitiltllRIinrgilinHB (dynamic impact) WBfiBWmalltijtaflnB 1 


Table 7.2 ACI Minimum Permissible Ratios of Span (/) to Deflection (8) 


(/= Longer Span) 


Type of member 

Deflection 5 to be considered 

(/«> m,n 

Flat roofs not supporting and not 
attached to nonstructural elements 
likely to be damaged by large 
deflections 

Immediate deflection due to 
live load L 

180* 

Floors not supporting and not attached 
to nonstructural elements likely to be 
damaged by large deflections 

Immediate deflection due to 
live load L 

360 

Roof or floor construction supporting or 
attached to nonstructural elements 
likely to bo damaged by large 
deflections 

That part of total deflection 
occurring after attachment of 
nonstructural elements; sum 
of long-term deflection due 

480° 

Roof or floor construction supporting or 
attached to nonstructural elements 
not likely to be damaged bv large 
deflections 

to ail sustained loads (dead 
load plus any sustained 
portion of live load) and 
immediate deflection due to 
any additional live load 1 * 

240 


“Limit not intended to safeguard against ponding. Ponding should be checked by suitably calculating deflec- 
tion. including added deflections due to ponded water, and considering long-term effects of all sustained loads, 
camber, construction tolerances, and reliability of provisions for drainage. 

b Long-torm deflection has to be determined, but may be reduced by the amount of deflection calculated to 
occur before attachment of nonstructural elements. This reduction is made on the basis of accepted engineer- 
ing data relating to time-deflection characteristics of members similar to those being considered. 

'Ratio limit may be lower if adequate measures are taken to prevent damage to supported or attached ele- 
ments. but should not he lower than tolerance of nonstructural elements. 


Table 7.3 AASHTO Maximum Permissible Deflection (/= Longer Span) 




Maximum permissible deflection 

Type of 
member 

Deflection 

considered 

Vehicular traffic 
only 

Vehicular and 
pedestrian traffic 

Simple or 
continuous 
spans 

Instantaneous due to 
service live load plus impact 

1 

SIX) 

/ 

1000 

Cantilever arms 


1 

300 

1 

375 
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Bltiijjnmjl fittffijmitjltjUTlS*) (step-by-step procedure) W|jnUR[mBlfTiritfm: 


1. nnnnnimiiiiraMraHa i^miHumnisni3HatmH9riMt3iuMraHa£. , creep juMiuna 

8 1 U U- V T dA i 

2. (time increment) !lJtlI|Hil|SialRl3miH[inmfnni}lU 

3. HniimnarmaMnMranaii^mtmraBnmtJHMBiaiBiitinsiaitiiutiH BtimtiislitiR 

1 Li i d* ct i ct 

4. HUilBlUItHUtHtlinaitijufiya (initial strains) e ci JSlfdJJfdSItftnJ BtiMIlMBltiltfflH 
3i3 hJw (rotation) ititUTRlfll RttatfrafTHUTHHJ Sl3H?EUtJStJS1U 1 tTTJMHfni 

l v Uj ct y U Uu i n U 


ft = 

<t>e = 


^cbi £ n 

h 

^ cbe ~ & cte 

h 


</> = 


^ cb 


h 


<t>u = 


£ 


u 


C 


5. nimnmrftntnnraiiHutHwnainjnMiuiBlniaiiJmiuRaimaiiJimtiiii creep, 

shrinkage Bi3 relaxation ttiniHSlRtflRHItf F ISltfltiSm^SHSrarj^mmntiTma 1 

^ 1 n m Li Lj i <y U i U 

ustohr muiBinarsnaMiiMiunaiBlal cgs iticutjamcunRHia f i 

i U i v G n su 


6 . UIBHtUBtitUIBfiUTlB 5 IBlRtitlJBtiUJlBtjtJnB 3 1 

o. e» <=* d 

7. HBinflinJilfTlinimBlMTinuraUtiimsintll BtiUlBHfiBEltUlB superimposed dead load 1 

in ULisu 1 1 

8 . msHfnnEJim^imriJimsnmtinBHjsstiJtnsfnndiurdra s T i 

9. itijatiintiiiR ^iiJnitnBHimBiMniBlRiaiiJBnimRHBtTTiRaHRi TuwBttJHatiitnMB 

<Si I l im-vAU v ct 

inmitilMUIHSfTlRI 

o tu n i 

JUS ri.9Ca UttlETin flowchart W [HI UfflJR tin SI ffl H ul TJltfl ffi approximate time-step 


method 1 


C START ) 


1. Input section properties: A c , l r r 2 , c', c b , S b . S'. e e . e t . RH, VIS 
Input load data W D . W^, W L 

Input material properties f e , f#, f x , E c , f^, f py . f#, 

f p9 . E p f A pt , Pj, P 9 . P m , C u 

Time intervals t. prestress loss bP, k ^ F, K« 

I 

Figure 7.1 8 Rowchart for computation of deflection. 
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No 


Section noncomposite 7 f 


Yes 


7. Compute totel deflection et time step r for noncomposite nction 

*r.r " [l - y- + f + b 0 II + k,C, ] l + 6 *, [1 + K.k r C,] l + S L l 


Figure 7.18 Continued 
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f 

8. Total long-term net deflection for composite section 
«r.r " -«,/ [l - — + + 6 a [1 + K.k,CJ 

/. r AA>-A/» e i 

L 1 jr-^ + Wx-«x')J 

+ n - a) *,C„ S 0 j—— + 6^u fl+ ak r C y -^-1 

^eomp *- ^cowpj 

+ S„f + 5 t 

, 6P C Fy-P 

wtter.X-1-— - 


No 


9. Is there another time interval? ^ 


Yes 


pu 

(end) 


Go to step 6 


Figure 7.18 Continued 


ri.£. fmfitwmfnntfitj PCI 

i 

Long-Term Camber and Deflection Calculation by the PCI Multipliers Method 
qmuunfi /Jt&Mtfiminfi] f pi = i89,ooo/wi BiRiuiBimntfm atimniRitiiuM boded double t- 

beam tsl fill gslUli till rt.cn UflHJ PCI multipiers method 

RimflHBETTlRJTJW ACn tUWBIUBHtRftnBIti post-tension^ fiJSRtsl fpi = 1 89,000 psi t'jrntu 
until anchorage losses BtilTRiminWtlJUUtnR frictional losses ttflffifTUSinicfctiMfrltirafjtSti 
§H sauSIUHmR^fmnilSjalcTlBHjGISl net prestressing f pi =189,000 psi HBBtifliajti *1 tiG 
tn MBfltsiHamiJciiHBiHBtiiira^anflianBmiJtiifTiuiBlBaiTt^aufliauBRHBiafTiistsBiHuJim 

ctv^>n U U tn UV U U (T\ <2, 1) 

11 11 

fdlJfnntJltJ ItlimUBRHItilinBtllRim: transient *1 ffiR E c = 4.03 • 10 6 psi MpnUUBRffitJHMIBl 

Ri 3 RiniJi*ummiB* i 

&tnmsitmtn: 

l g = 86,072 in 4 

W n = 1,019 plf = 84.9//? / in. 
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S D - 


5M 4 _ 5 x 84.9(60 x!2) 4 


384 E ci I g 


384 x 3.49- 10° x 86,072 


= 0.99 in. X (14 mm) 


W SD = 100 plf = 8. 31b /in. 

5 x 8.3(60 xl2) 4 


$SD ~ 


= 0.08 in. X (2.0 mm) 


384 x 4.03- 10° x 86,072 
W L =1,100 plf =9\.11blin. 

(IHHIEIfflUmi/i tl.tn) 

I e =I g = 86,072m. 4 (/ ; max < f r = 530 psi) 


S r = 


5x91.7(60xl2) 4 


L 384 x 4.03 -10 6 x 86,072 


= 0.93 in. X (24 mm) 


tjSfd§j/,, 1 mn[0 PCI multiplier 

method (30tti) smsIinwHisfrin^iuamunm 

itilffifdlJ service-load (5J31) fnni381tinrnHgl3UlJl[TiriHIHIUMfnriflin Bti camber IBKtCIEUKJJ 

ct Li Lfl -o CU V 

iwtussoKuitunuiHEUin pci iBinasnna ri.®*i niMBraHsmnnirnmtiiHsrnHMHiMiTrnm 

u U 1 ct U 1 tu 1 U 

inwth^a imtu i comp nummnnm s L sa s SD {Uhjsmf H^ftflss&tfnajssjmnwtrm con- 
crete topping 1 mimiuMBraimtmtinffHm a, iBlfitinHijunattna iRtniijmHnnjitomn 

tISffi (reduced multiplier) 1 tHROn C, fftitnBmHUBtmtJimiHHnJl C 2 to 

C l + A s / A ps 


C 2 = 


1 + AJA 


ps 


Table 7.4 Long-Term Camber and Deflection Values in Example 7.6 
by PCI Multipliers Method 


Erection 5,, (in.) 


Load 

Transfer 8 p 

Multiplier 

Multiplier 

(noncomposite) Final (in.) 


(1) 


(2) 


(3) 

Prestress 

1.89in. T 

1.80 

3.40 in. T 

2.45 

4.63 in. T 

W D 

Q.82 in, X 

1.85 

L.83 in, -l 

2.70 

2.67 in. X 

Nets 

0.90 in. T 


1.57 in. T 


1.96 in. T 

W'sn 



0 08 in. X 

3.00 

0 24 in. X 

NetS 



1.49 in. T 


1.72 in. T 






0.93 in. X 

Final S 

0.90 in. T 


1.49 in. t 


0.79 in. T 
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«t> Li Li ct Li nLi y 

flBiasfnnlarmfniuMfiTHftiianiSB *i tfigmtmon wBRtjiiRiTtruJn 3#5 islntatimrams TEnti 

y Lj ~o L»u n * Li ct c* Li | Li 


3x0.31 


A m 2.142 


= 0.43 


iffitisstutns Co = 2.oi 

^EimtninfiiBfTiiinMTHtiiRtHiiJtiiHiBiainamnti nl.9 mnmrj camber nJHatirnmtji 3.80m. T 

Liu ni ct at nj 

4.63m. t itJtmiiJimiBlnamna uJitmmraiHmin zoitjBwIimjRnji 2.45 hr 

w £J Ui w Cl 1 

HiBiSmiiRMTHraiiJwinBninniiiTMiiJtaHTigliwmni^umaHMiiJimiTuiHRimiRMTHtiiiiJtiiTRi 

c Liu q Li U ct Li l Liu Lru 


mi 

ct 

HEnna ri.6. camber IfRiminWRI^ti Bi31trnmitltuia superimposed dead load IBlHItB 
30tt| = 1.49m. T (38mm) 1 iuim net camber BtilfmmitfnHJJnm 5B1 = 0.79 in. T (20mm) , 
mntflUltfimtmraBRHITsI = 0.93m. I (24mm) EIlitUfnn^lUHSCTnR =//240 = (60xl2)/240 
= 30m.(76mm) > 0.79m. 1 1BlntiRIimiB* TUMBItfrfiMBRTjlUBRHITjJtnBnJnnJi: transient ESli 

\ / ct Li <^i 8 

flBi3|RU|EnB 1 


ril.G>o. miRiuimfnntfro stjfnntfnaimitnnjtfm^mlGmnnsBtsistcicij 

(U 

Long-Term Camber and Deflection Calculation by the Incremental 
Time-Steps Method 

Wtfltnn /y. //n ^ § [fill fll g m Ul 1 on fie) EriH incremental time-steps method EtfltUfdSRtil f pi 
= 189,000 psi IuimiRMIl3RmJcntslRH1l3iraRl3TEnl3H1BmnRBI9Taia1intlIItiiniRl3TSfil3 (7 Its 
HBIUriBlRIURti) . 30ttitJS1tjnttlJ C R'lIthSTti BtimnflR superimposed dead load IBITMB) , 90 
ttj BiJ 581 1 MBRttl ultimate creep coefficient C u = 2.35 fd]4JimURl3 S43 f py = 230,000 psi 
fdTHimSmmmrniTEriaESEmmESlRaaH 1 WlatimRIHBBIRBBtilfia camber frlHffiStifntU sti 

U UiU U ct ct ULi u 

fnmJlUtilHmaaintlIUJltm|U E c = 4.03 • 10 6 MfHlUtfiU incremental steps mtiHwniamntJis 
IjmmiB* UJltmtiiRltlltilBiintmtilllJtll f' ci = 3,150psi 1 WSE1£h§HESgEft§H post-tensioned 1 
ran E ps = 27.5 ■ 10 6 psi 1 

Btamtjantn: 


ffintfm mcnmti stimipupapimps 
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E ci = 57,000^/3,750 = 3.49 ■ 10 6 psi 

ngmtnjtifi ri.m stilus rid. utirmti aauIrHurHtiinaSuaMTinuSHialintiiitiifiJtiiunnitiiri 

V 1 U U I_IU V U Ct <in n 

umtittufititinti/*- sti p t + w D mBtiBSitiitmu 

n&iiJt[uniJ[tniJ p t 

RtUTltUttytt: f = +501psi{3.1MPa) 

f b = -3,524 p,si(243MPa) 

s‘ - — = 144 . 10 ~ 6 in./in. 

3.49 -10 6 

e ch = -1,010 ■ 10 6 psi 
9|H: f' = +92 psi(OJ MPa) 


f b = -2,242 psi{\ 5.5 MPa) 
s). = +26 ■ 10 ~ 6 in./in. 
s cb = -642 ■ 10 _6 m./ in. 

Gcufitsi inrniinfnimmmHatmHgriMti E r MTmumi^MunntmalintiiiiJtiimniiBtiiaiJintii 

Liu o' vr vl<^ tu iun ru 

SBtBOGt) 1 


tiiua trntims 


„ -1010-144 f, f. 

d> rj muntuitlli3= — X 10 -6 = -33.94 ■ 10 ~ 6 rad /in. 

rci n 34 

r )fZ 

- x 10 -6 = -19.65 • 10 -6 rad / in. 


tei* ]?=■ 

nras ri.& 

v 


34 


fj2^ 

V 8 7 


\<t>e ~tc)i 


24 


Si T= - 33.94 -lo -6 
\2 


(60xl2) 2 


-(-19.65 + 33.94)xl0 -6 x ( 60x12 ) 


24 


^ 60x12 ^ x 10“ 6 (- 33.94 x 2 - 19.65) 
24 v 


= -1.89m. T (48mm) 

Biuntii HiHiajiJBmaaHfiJwggtiitnBiiJimMHmiHHiaialRagmuiiiiji ri.m 

n 1 n I rt 41 41 rt 


S D SHSlfltU =- 


5 wl 


5x 


1019 

12 


(60xl2) 4 


384 E c I g 


384 x 3.49 -10 b x 86,072 


= +0.99m. I (25 mm) 
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net camber -1.89 T +0.99 nU= -0.90m. T (23 mm) 

tBRnfimiHtnstitnni 

(a) creep 

nMHfnn.io 


e CR - ~fr ( fcs ) - Q £ cs 
E c 

tticu f cs = nti|maranaiai|Htia} cgs 

e cs =m|Hti|Htunl3mjmsi|?il3s]cgs 

s CR =unit creep stain fi 13 H UJ d R ffl R 13 [fil R I jjTl H ultimate creep = C U / E c 
= 2.35/4.03 ■ 10 6 = 0.583 ■ 10 “ 6 m./m. RtiHtftdRRIRmRIti 

ct w o i U 

i 

Stunts! IRTRlRtlTlSI creep strain 

Ljtj *- u bit/ e* J 

creep iglnaituntitmti 1 

nfjHfru 3.9b, raRon creep iBlinwtunmtfim tanHtjiitsR 

,0.60 

C=- 


c 

.0.60 " 


10 + t 

tiiqmumin tslmra 30 ttii|frmnntu^j 


£ CR,s ~ £ CR 


( t 0.6Q \ 


10 + t 


0.60 


= 0.583 -10“ 6 


f 30°' 60 ^ 


10 + 30 


0.60 


= 0.254 • 10 ~ 6 in./in. RtfHtfttlRRlRmRIti 

ct u n i U 

Creep strain igiBimsintuitiiiaiBtHTHitnBmiiimnagTHtiiJBm 1 

CU O U L»U C* U V Ct 

(b) 

nfJHfflJ 3.15a Mjjnu moist-cured concrete 
t 


~'SH,s 


t + 35 


'SH 


iutU s SH = 800 ■ 1 0 6 in. /in. fd[H3U moist-cured concrete 1 
30ltsummintmtil. = 30 tti TRMSraHtfRtflRH post-tensioned 

iwat = 30 + 7 - 37 fti JUMBIUfltfl pretensioned 1 titHSS 

£ sh. 30 


30 -x800-10~ 6 = 369-1 0 _6 m./m. 


30 + 35 


tmmujutits|n imnsnimm s SH M|jnn|RufiuiiBi^i3iJigigjmiJtmijurinialRamnti 


ri.tii 
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Table 7.5 

Time-Dependent Incremental Prestress Loss Factors in Example 7.7 


Time 

Creep x 10 

-« 

Shrinkage x 10" 8 

Relaxation 

Days 

e ca, r 

CR 

€ sx r 

At®* 

R 

A R 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

P/S (7 day) 

0 

— 

133 

133 

0 

— 

30 

0.254 

0.254 

369 

236 

0.0776 

0.0776 

90 

0.349 

0.095 

576 

207 

0.0906 

0.0130 

365 

0.452 

0.103 

730 

154 

0.1071 

0.0165 

5 yrs 

0.525 

0.073 

785 

55 

0.1261 

0.0190 


A = Incremental increase. Columns 2, 4, and 6 give cumulative values. 


* 

(c) Relaxation HIM strands 

nrjHfnj m.S 


fpR 

fpi 


= 1 - 


log? 2 — log ?j 
V 10 J 




\ 


pi 


\f py 


-0.55 


J 


tutu log? (RRtfiraiatRHisrnicu 10 , f pi /f py Rtfiao.55 
ItJnnBlMWRaiiJmTfnmntJTinuiaiifimwii relaxation mthto 30tti = 720 t-mta irmmia 

ct U U ey U 

Rmat[URa[ma 1 uiMaratinnajunuTiHuiaiiJimtmi relaxation r 


R = 1 — 


fp R _ flog 720-0 

/ 


pi 


10 


189.000 

230.000 


-0.55 


= 0.078 


imatRilRRlH R fd[H 1 U[RU time-step maHMltfimi[U t x = 0 ttllRIOJ *1 
mna ri.ti §]tnmH[Rm[WffisamnnsinnjM[inm^ 
iaini 3 E|ffiummia*Mtjnu time-steps 7, 30, 90 sa 365 sa s^tmmiritiiiaiiuRaisna 1 

ntmttfttfmmdmti (Gijummutjtime-step=30 fa) 

(a) fiatmaMnwmfiatsla} cgs MttnumiRtmm creep 

BnmRSmuMitiRi|URatmae c = 22.02m. sae g =12.77/??. 1 jus ri.sd §jsf 
na [mason: sa gross strain HsmojsiRuaiaimrinn[URa[ma 1 
nra 


fbcc - “3,524 x 


26.02 


26.02 + 3.75 


= -3,080 psi{c\2l.2MPa) 


£ bcc 


-3,080 m- 6 ' /■ 

= -764 10 ???./???. 


4.03-1(7 
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f her = -2,242 x = -1,250 psi(C \9.3MPa) 

bec 19.66 + 13.00 A ' 


£ bee 


-1,350 
4.03 -10 6 


-335-10 6 in. /in. 



Figure 7.19 Stress and strain at transfer due only to prestress before losses in 
Example 7.7. (a) Midspan section, (b) Support section. 


Creep incremental strain 

As CR = A s’crX Rtifinti/ IBlflitil cgs 

nmnti ri.ti As' cr = 0.254 -io _6 in./ in. naHmansTmarmin titnss 

C-I\ C * u 1 U v 

A e CR fflUnt0Uffi3 = As' ' C R x fbcc = °- 254 ‘ 10 “ 6 (- 3,080) = “ 782 -10 ~ 6 in./in. 
A e CR IW9|H= A s' CR xf bec = 0.254 -10“ 6 (-1,350)= -343-10 ^in./in. 

Shrinkage incremental strain 

A s SH = -236 -10 -6 in./ in. 

Relaxation stress loss 

A f R30 = 0.0776 x 1 89,000 = 14,666 psi{l0l.0MPa) 
ffmffiTt3I[Uffl3lt!famajflinajm(total steel stress loss) 

Afr = (A £ cr + ^ £ sh )E ps + A f R 

A f T30 nCUTltlJttyt3= (782 + 236)- 10 -6 X 27.5 ■ 10 6 + 14,666 = 42,661 psi 
A f T30 1W9tH = (343 + 236)- 10“ 6 x 27.5 ■ 10 6 + 14,666 = 30,589 psi 
titttSS IftfatHHnjH A/ r30 = 4 (42,661 + 30,589) = 36,625 psi(253MPa) 
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nunnutifiinaiTTjfimsnti 

cu U i U 

A P 30 = A f T30 A ps = 36,625 x 2.448 = 89,658»(399JUV) 
(i) HSfTlFiPiClJnCUt CUt3 (1 psi = 6.895 -10' 3 MPa) 


A/ f =- 


A Pt -f - ^ 


r 30 


ecj_ 

. r 2 y 


89,658 ( 22.02x8.23^ 


978 


88.0 


= +97 psi(T ) 


A ei=- 


-97 


4.03 -10 e 


= +24-10 6 in. / in 


A//,=- 


Aft 


30 




1 + 


A* c * = 


^ V 

-683 
4.03 -10 e 


gQ> 

r 2 7 


89,658 f 22.02x25.77 
1 + 


978 


= — 169 - 10 6 in./ in 


88.0 


(ii) H8fTimtUS|H 
A/ f = _ 


89,658 


Afl = 


978 
+ 18 


4.03 -10 6 


1 12.77x8.23 
884) , 

= 4-10 6 in./ in. 


= +18 psi(T) 


A f b =~ 


89,658 


978 


1 + 


12.77x25.77 


V 


.0 


= -435p5?(c) 


y 


Af , = ——f = -108 • 10 -6 in. / in. 

4.03 -10 6 

(c) Net strain ttifUtRSid curvature Sti camber 


= 683 psi(c) 


Net creep strain ( in. / in. ) 

(i) fiber gross strain 
RtUtltmEUti 

n o 

As‘ CRc = f x A e' CR = 501 x 0.254 • 10“ 6 = 127 -10 ~ 6 in. I in. 
^ s CRcb = fib x As'cr = -3,524 x 0.254 • 10 -6 = -895 • iO — 6 /'/7. / in. 

IWBJH 

A^cRe = 92 X 0.254 -10' 6 =23-10 ~ 6 in./in. 

A^cRet. =-2,242 X 0.254 -10“ 6 =-569-10 ~ 6 in./in. 

Net strains (in./ in.) 

A net e CR = A S C R ~ A £ ps 
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ttitu a s p , a/ tal 

fjtitsnjiB (b) lafiimrwtjmmia* i 


Figure 7.20 Creep incremental strains at 30 days in Example 7.7. 

nras ri.tao imtimBtiB&itiiTmH 

v V Lj 

ncimcuttua 

o c? 

A £ f CRc net = A£cr c -A£p SC = (+127- 24)l 0~ 6 in. / in. = 103-10 ~ 6 in./in. 

A £ CRcb,net = A CRcb ~ ^ £ pscb = ( _ 895 + 1 69 )l 0 6 = -726 • 10 6 in. I in. 

IWB|H 

^ £ CReb,net = ^ £ CRe ~ ^ £ pse = (23 - A)\ 0 6 =19-10 6 in./in. 

^ £ C Re, net ~ A£ CReb - A £ pseb =(-569 + 108)l0- 6 = -46 MO" 6 in./ m. 

(ii) fiber gross strain 

a 03 O ^mnmaulaHiiJnranmninfiimHutiialtiaumma 30igiunmmtmtii 

talffilfW adjusted net strain step fas 1 

munnjinfla 


+127 X 10“* 


+23 X 10"* 



-895 X 10"* 


-569 X 10"® 


(a) 



(-726-103)-10~ 6 

34 


24.38-10 6 rad /in.(o.96 ■ 10 6 rad /mm} 


mntim mcnmti StimipuptiMimps 
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^</ e30 ~ 


As 


CReb.net 


- As 


t 

CRe.net 


h 


(— 461 — 19)l0~ 6 
34 


= -14.12-10 6 rad/in.[ 0.54-10 6 rad I mm ] 

(iii) Total curvature ( rad / in . ) and camber 

niCbRHSlffiUHlS (f) ci =-33.94 -10' 6 rad! in. St3 </, ei = -19.65 -10' 6 rad/in. 1 


tiBiBsmnmtiMiuiBl 30ttjumuriitiiR 

v i ^ ^ 


fa -<t>j+ A</) 30 

rnimnita 

n & 

^ c30 = (- 33.94 - 24.38)- 10“ 6 = -58.32 ■ 10“ 6 raJ / m.(2.30 ■ 10 ~ 6 rad / mm) 


S L H 

^ e30 =(-19.65 -14.12)- 10“ 6 =-33.77 -10“ 6 raJ/m.(l.33-10“ 6 raJ/mm) 
nras n).§, camber itJnranmnininiRarsni3ia1iii3umuiB 30tt3fjrmtj singly 

V n U i U i is- U j 


harped tendon beam Pi 


(i2\ 


\ L \ L 

$P30 ^ = ^Tc-30 ~ + (foe 30 “ ^Tc3o)~ 


V 8 V 


24 


= -58.32-10- 6 < 60x12 ) 2 + (- 33.77 - 58.32)lCr‘ x 

8 v ’ 24 

^30 (camb) ?= ^p^(- 58.32 x + 33.77)lQ- 6 


= -3.24 in. T (82 mm) 

(d) fnnSitiim:tcitiJtuni3tiJtJ[unciinusfigmnn3l 30ttjtimuto 

v n a m </ <ii a 

fjsfiiji e =4.03-i0' 6 n5/pjimHHstumgTiMijmrjrafil3riJHJHTriJTHimt3mj3tuts1 

^t. c i ni v i vJ «4i i u u ct 

fdOTtsqmimnfhss i iraums w D =1,019^// =u.9ibiin. i titsfp 

CTI// 2 

fnniJiuuJimRmuaRtiitij <?„ = = +0.99 4 (25mm) ttinitnanintaHS 

“ “ " 384£ c / g v 7 


W 5D =100p// 

5x 1 °°(60x12) 4 

12 6 

384 x 4.03 -10 6 x 169,020 

= 0.08 in. -I (l .5mm) 


490 


Camber, Deflection and Crack Control 


IqprnistjiBnwmsmsejmtji 


Department of Civil Engineering 



c c, taram w sn laintiBim* 15 xfi= 0.80 > 

l Li OLJ ct (u t/ 


5 mo = 0.99(1 + 1.02) = +2.00m. I (5 1 mm) 
S SD30 = 0.08(l + 0.80) = +0.14m. 4- (4mm) 


mnfliuMiuufimtiniuanBmiTi = 2.00 + 0. 14 + 0 = 2. 14m. I (3 imm) 

S net30 = -3.24 1 +2.14 -1.10m. T (28mm) (camber) 


Service-load step 90 ttftffnmtnnJttff 

(a) fimsniafijnemufia sammurHnjntjSttinjmRusratatuutunnjnnunfiuiatraRtt 

XfntstslRaSnmnrnciJ'ECunHs 

m^HU^HWnml31|pfli3]4flt3 = A P e 

(i) fflliTlUJlUJia 

f = 501-97 = 404/^/ 

f b = -3,524 + 683 = -2,841 psi 

s 1 = — = 100 ■ 10~ 6 m./m. 

4.03 10 6 

£ cb = _ 705 • 10 ~ 6 in./in. 

(ii) lfSs[H 

f =+92 -18 = 14 psi 

f b = -2,242 + 435 = -1,807 psi 


Eg = +18 10 6 in. ! in. 


s eb = -448 -10 ° in. / in. 


nras ri.b® 



= -2,483 psi 


£ bcc = ~ 616-10 6 in. I in. 


mcitim mcnmti Sirnirfftaptauimpg 
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Figure 7.21 Adjusted stress and strain at 30 days due to prestress only in Ex- 
ample 7.7. (a) Midspan section, (b) Support sectipn. 


f hec = -1,807 x — 19 ^ 66 — = -1,088 psi 
bec 19.66 + 13.0 

£ bec = “270 ■ 10 ~ 6 in./in. 

Creep Incremental Strain 

A£'cr = 0.095 -10' 6 Rt3HffiQR?nm3T?fll3 ( ?nnt3 rig) 

A e CR fflUntllta = A s' cr f bcc = 0.095 • 10' 6 (- 2,483) = -236 ■ 10 ~ 6 in./in. 
A e CR S|H= A e' CR f bec = 0.095 ■ 10 _6 (- 1,088) = -103 • 10 ~ 6 in. I in. 


Shrinkage Incremental Strain 
As SH = -207 • 1 0 6 in. / in. 

Relaxation Stress Loss 

A f R =0.01 30(l 89,000 - 36,625) = 1,98 1 psi 

Total Steel Stress Loss 

Nr = (^ £ cr + ^ S SH )E P s + A/r 

A f T90 R[U11CUttyi3= (236 + 207)l0“ 6 x 27.5 ■ 10 6 + 1,981 = 14,164 psi 
A f T90 1W9[H= (103 + 207 )l0 -6 x 27.5 ■ 10 6 + 1,981 = 10,506 psi 
titnss IfpmHHtymS A/ r90 = {(14,164 + 10,506) = 12, 335/«/ 

(b) mtjJutHciifititsntifiinMraRti lamuJtitHcuntitGjtJ 

A P 90 = A f T90 A ps = 12,335 x 2.448 = 30,196/^(134^) 

(i) nnintuitua 
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A/ f 


= +97 x 


30,196 

89,658 


= +33 psi 


Af b = -230 psi 
A e x c = +8 ■ 10~ 6 in. /in. 

A e cb = -57 • 1 0 -6 in. / in. 

(ii) tnitetH 

A f* = +6 psi 

Aft = -M7 psi 

As‘ c = +2 • 1 0 -6 in. / zn. 

- “36 • 10 _6 zzz. / in. 

(c) Net strain itjtUtltliTlCUfl curvature 3t5 camber 

v 7 n 

(i) Net creep strain 
Fiber gross strain 

muntuta 

n o 

As'crc = fio x As'cr = 404 X 0.095- 10- 6 =38-1 0~ 6 in. / in. 

As CRcb =f 30b xA£' CR = -2,84 lx 0.095 -10“ 6 =-270-1 0~ 6 in./in. 

A^cRe = 74x0.095 -10' 6 =+7-10 ~ 6 in./in. 

As CReb = -1,807 x 0.095 -10 -6 = -172-10“ 6 zzz./zzz. 

Net strain 

munnjinja 

n o 

^ s CRc,net = ^ £ ' CRc~^ £ psc = (38 — 8) - 10 6 =30-10 6 in. / in. 

^ e CRcb.net ~ ^ e CRcb ~ pscb ~ (-270 + 57)-10 6 =-213-10 6 in./in. 

1WS[H 

a4r e ,m = A^Re - Kse = (7 - 2)- 10“ 6 = +5 - 10- 6 m./ in. 

^ s CReb,net = ^ £ CReb ~ ^ £ pseb = (~ 172 + 36)- 10 6 =-136-10 6 in./in. 

(ii) Curvature 

mimnjinjia 

Cl c? 


mritim mcnmti 
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(—213 — 30)l 0~ 6 
34 


7.15 ■ 10 6 rad /in. 


A / f ~ ^ £ CRe,net (~ 136 — 5)l0 6 

90 = z 

eyo h 34 

= -4. 1 5 • 10 -6 rat/ / in. 

(iii) Total Curvature and camber 

ntWHS IffiUHIS ^ c30 = -58.32-10 ~ 6 rad/in. tUltff </> e30 = -33.11 -\0~ 6 rad /in. 1 
ubtSS curvature fdJU 


nUffi IffiURHlS 

(fr rc90 R[UTltUttyl3= (- 58.32 -7.15)l0 -6 = -65.47 -10' 6 (l.72rat// mm) 
^ 90 1WS[H = (-33.77 -4.15)l0 -6 = -37.92 -10 _6 (l.04rat// mm) 


‘h - ^^30 ~ ^ A)0 


2 


S p9 q ( camber ) T- ^.90 — + (^90 - ^90 )— 


= -65.47 ■ 10“ 6 ^ 60x12 * + (- 37.92 + 65.47 )l0“ 6 x ^ 60x12 ^ 
8 v '24 


65.47 -10“ 6 


= ( 6Qx12 ) (_ 65.47 x 2 + 37.92)l0“ 6 
24 v ’ 


= -3.65 in. T (93 mm) 

(d) fnnaiuitiinntutiinatuunnitunuaRgmfntal wttjumumtai 

v V DAM t/ « A 

t = 90 

«/ 



( C t =1.27 t = 60%) 

S D9Q = St (l + C t ) = 0.99(1 + 1 .41) = +2.39 in. i (5 1mm) 
S SD90 =0.08(1 + 1.27)= +0. 17m. I 
s L c ngsiuimfi rt.a> = +o. 93 m. i 


titnssfnnfrrafiijmsl oottiitltutjnintuntJSRSsiniB 



s s = +2.39 + 0. 1 8 + 0.93 = +3. 50m. I (89mm) 


494 


Camber, Deflection and Crack Control 


Iqprnis&iBnwmsmsejmtji 


Department of Civil Engineering 


lUltil net deflection n 

S net9 Q = -3.65 T +3.5 -1= -0.51m. T (4mm) (camber) 

mntilUUfitnm Service-load t3ftfl{lfM9fnaJ5 si 

ttfiminmifiimmtiBBitiiw imaaBtutnafiiBtitimtjuiJiiTmainna rts sti nl.nl mimtin 

0 v eJ 

Tfnms camber BamniJimiJtiitiiHanHgiBlBinnniTHftnauiJiiniBlnaiuB ri.tata i isnmaBaiR 

U 1 Liu in -o Ct 1) 

Bgtiifitifnntfra aainniMtiimtjnalintiiiiJtiifiBiainmBiuri 365 tti i 

1 

nsina nl.nl. net deflection (camber) BiaiffflHJiglinm 5g1R 0.87m. itinJRGtfltifnnfrra 
Si3 camber HSCTOfnipStUllfd *1 nSIDrl ri.b. S T =1/240 = 60x12/240 = 3.09m. » 0.09m. 1 
timss imnBfnnuamnunnutiuJimftiu creep rmnntbmitfhmrasiEJitijmsmElRHsrmmna 

V A V U U 1 

Tfi1l31SlRi3H8fTlRT?il3RtJSJl3fTlJfi3l3Fi 1 

Li ct i Li n 


ril.99. fniRIUlSlffinUltJ 8t3fnntmi3im:tcitumni}im approximate Time-Steps Method 

Long-Term Camber and Deflection Calculation by the Approximate Time-Steps Method 
Wtman ri.Gf: iulSjTmmgmtmon ri.a ttfim approximate time-steps method 

tc3n gtifitiTtntirantiHgnTintiBm i inifuiBtflSiiinisTMimiajtiiHmaafiinnisTMimialniaqBi- 

imnli rt.e> gtirt.tl i 

dra/ntpinm: 

nqBiuimn nl.nl 

P t = 462,6121b 
P e =319,39\lb 
= 2.448 in 2 
C u = 2.35 
Q 3 o = 102 
Q 90 =1-41 

Q 3 65 =l-82 

C t5 y= 2.12 

tjprrt h c, uQmrd[Hiud; SD g tis D iuimflHtsifiHignin[m:MtRH|nu|mgiumuHR 

K a = 1 ,25t ~°' 118 fd (Hid moist-cured concrete 


mntim mcnmti stimipuptiMimps 
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Pre stress 
camber 


- 4.0 


.£ - 2.0 


365 


l 



Time (days) 


c 


c 

o 


All loads 
deflection 


I +2.0 


Z 


o 


Figure 7.22 Prestressed camber and load deflections vs. time in Example 7.7. 


ittaj aja„. «i.o nmHEURStuitmm 

tfp k r = l tjjirarmjtiistsl A s /A ps «i.o i 

frm tflUffti camber son: 

ngsiuutin ri.tn 

8 t (p.) = S pi = camber = -1.89m. T 

= fnnt3iti8[in:it3itijrmrasmt3j = 0.99 in. i 
^i(SD) = Zl Cl ul U 8 [111 :{ ul til fill J superimposed dead-load = 0.08m. -I 
s L = fnn^imtJiffifinrasRmt3j= +o.93m.4 
HfdHfnJ 7.26, incremental time-step net deflection Pi 


S p tflffintfltl (camber) ItlCUUtUTinjnRMldflll^fflll =S^p.) SH r/ = P e !P i 1 nfdBfTIJ 
7.27. net deflection Mill itltUUnmcnntJSRH 

i n <* 


t = mffilSltnWtfimJSR (Pmtfltti) = 30, 90, 365, 5 yr 


k 


l+AJA 


l ps 




o 
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to A P = (P a - P e ) (initial elastic 

loss) A = l- AP/2P a , ItllfU S p Sti /7 BIBfltHtiBItijHB 1 

mnmtfttimmfimtj go tti) 

* We- 

M3K P 0 = Pi 11S1S AP = Pj - P e = 462,672 - 379,391 = 83,28 1/Z? mitS A PIP t 

83,281/462,672 = 0.18 1 titslSi 

4 = 1- 8 ’ 3 ' 281 =0.91 

2x462,672 

k r = 1 

K a =1.25(30)“ 0118 =0.84 
C, =1.02 

S T30 = -1 .89(1 -0.81 + 0.91x1 .02) T +0.99(l + 1 .02) I +0.08(l + 0. 84 x 1 .02) I +0 

= -3.30 T +2.15 1= -1.15m. T (29mm) 

fnntfmunfmun service load (90 ffs) 

n 

tsimsintmiaiumntmtiin t = 90itii titnss imtiHis 

we* ^ tx y 

K c =1.25(90) -0118 =0.74 
C t =1.41 
S L = +0.93 in. X 

S T90 = -1 .89(1 - 0. 1 8 + 0.91 x 1 .41) T +0.99(1 + 1 .41) i +0.08(l + 0.74 x 1 .41) ^ +0.93 ^ 

= -3.97 T +3.48 1= -0.49m. T (l2mm) 

fnnffmun/Mliri service load (365 itf) 

n 

K a =1.25(365)' 0118 =0.62 
C, =1.82 
S L = +0.93m. -I 

S T90 = -1.89(1 - 0. 1 8 + 0.91 x 1.82) t +0.99(l + l.S2)i +0.08(l + 0.74 x 1.82) I +0.93 1 

= -4.68 T +3.89 1= -0.79m. T (20mm) 

fnntftmmwn service load (5 si) 

K a =1.25(1,825)“°- 118 =0.52 
C f = 2.12 


mcitim jnntma somfpdpommpg 
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S L = +0.93 in. -I 

S Tgo = -1 .89(1 - 0. 1 8 + 0.91 x 2. 12) T +0.99(l + 2.12)1 +0.08(l + 0.74 x 2. 12) I +0.93 i 
= -5.20 1 +4.16 1= -1.01 in. T (26mm) 

mnti ri.ca fJjfiiHJUM camber stifnntiiti nl.S. 

nl.nl sti tl.ta i fanntiR (-) utiimn camber ifffaiw T luitufiinnun (+) utiirnnmntfiuBMTR'iH 

m in 'o vJ m v in i U 

I 1 


mnfujumjms net deflection Util Altai multiplier method Sti approximate time-step 
method ^JS!CUSt3CU|tJlJT1R|yiUlClJtil StUlUtjCU incremental time-steps method ^JSltitH camber 
ntstiitiUBBUBB ( Tuluira 3/4m. > i HtHiB8TRftnBinintiBmiftmtmimn?iBnuTiHutiirantiTsnti 

7 innU suUtj i U i U 

TnltnStiCUlSlfTlHQCSlSCnCUSHffiO 1 Incremental time step method TfiiRinntmftirniBSRtiR'lJ 

L»u iu w Lm U c* 

fiClJISl flBIBJinTRifrmrannTBnBmRUilBI 1 IRTfiimiBBBIB incremental time step tflllBBlflHT 

V Lru U ] eJ E-J Ud u 1 U E-J 


Httim[^titltittiCUHlSiCytit!ti9 fiBtfl segmental bridge U cable-stayed bridge itiWIfifififTin 
MTRRRtimiRimBimniJlU Sti camber fdSIS 1 


Table 7.8 Camber and Deflection Comparisons (8 Inch) 


Time 

at 

step 

end, 

days 




Methods 





PCI multipliers 

Incremental time-step 

Approximate time-step 

Camber 



Camber 

5 * 

^n« 

Camber 


8n«t 

(D 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

7 

-1.89 

+0.99 

-0.90 

-1.89 

+0.99 

-0.90 

-1.89 

+0.99 

-0.90 

30 

-3.40 

+1.91 

-1.49 

-3.24 

+2.14 

-1.10 

-3.30 

+2.15 

-1.15 

90 




-3.65 

+3.50 

-0.15 

-3.97 

+3.48 

-0.49 

365 




-4.09 

+3.93 

-0.16 

-4.68 

+3.89 

-0.79 

5 yrs 

-4.63 

+3.84 

-0.79 

-4.35 

+4.26 

-0.09 

-5.20 

+4.19 

-1.01 


Ct9l£). fmRtmSlfTinUimtlKtntUranUM Composite Double-T Cracked Beam 
Long-Term Deflection of Composite Double-T Cracked Beam 
fjffltflMJl ti.dl Roof normal weight concrete double-T-beam 9 [H fill H HI C u 01 HI S jU ii ti 12 ft 

(21.9m) JtiSf superimposed topping load W SD = 250 plf(3.65kN / m) Sti service live load W L 
= 280 plf (4 mkN/m) 1 UtUlSlfTintflU Sti camber imrtntuf ( fTIH9) lUMgHUJlHI (a)lti I e , 
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(b) bilinear method RflB^fnni^UHl|MmBainnramunmR topping n|HlM2wi.(30lg) stifnn 
EJlUGm^nth (5g1) ItJltinftJ PCI multipliers method *1 iR§JRtnifitJi3t|URr3[fnr3 18% 1 



Noncomposite 

Composite 

A c . in. 2 

615 (3,968 cm 2 ) 

855 (5.516 cm 2 ) 

/<., in. 4 

59,720 (24.9 x 10 5 cm 4 ) 

77,118 (32.1 x 10 5 cm 4 ) 

r. in. 2 

97 (625 cm 2 ) 

90 (580 cm 2 ) 

c b . in. 

21.98 (558 mm) 

24.54 (623 mm) 

c r in. 

10.02 (255 mm) 

9.46 (240 mm) 

S b . in. 3 

2.717 (4.5 x 10 4 cm 3 ) 

3,142 (5.1 x 10 4 cm 3 ) 

S', in. 3 

5.960 (9.8 x 10 4 cm 3 ) 

8,152 (13.4 xlO 4 cm 3 ) 

U' ( ,.plf 

641 (9.34 kN/m) 

891 (13.0 kN/m) 


VIS = 615/364 = 1.69m.(43mm) 

RH =75% 

e c = 18.73i/i.(476 mm) 

e e =12.81i/i.(325 mm) 

f' c = 5,000 psi{SA.5MPa) 

f' ci = 3,150psi{25.9MPa) 
f' c topping = 3,000 psi(20.1 MPa) 

f t tSirjnrd8im]jnH= 12 ff\. = S49psi(5.9MPa) 

A ps = low-relaxation prestressing steel HtifiBfi 1/ 2m. QSS 4)10 tuEhUSOdnHllI 
Hjintittriti (depressed) Imalmuntuiiiiti i 
f pu = 270,000 psi(l,862MPa) , low relaxation 
fpi = 189,000 psi(l,303MPa) 
f pj =200,000 psi{l,380MPa) 
fpy = 260,000 psi(\,l 93 M Pa) 

E ps = 28.5 • 10 V?(l9.65 ■ 10 4 MPa) 

dtnmsttfiafiE i, 

1. Rt3Tffit3H8fnRfi[UntUttUl3 

1 Li 1 n 

fpj = 200,000 psi islinoisini (jacking) 

f pi \ Sturjsfi =0.945/^=189,000^/ iglinnntii 
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e c = 18.73 i/i.(475 mm) 


P t = 12 x 0.153x189,000 = 347,004to(l,540&V) 
HHl3tJSR^1tU8S (self-weight moment) 

= 64l(72)_x 12 = 4,984,416m. -lb 
8 

(a) 


nfi3HfT1J4.1a 


f 


Pi 


1- 


e,c, 


\ v 


r 2 y 


347,004 

615 


1- 


S' 

18.73x10.02 A 
97 , 


4,984,416 

5,960 


= +527.44-836.31 


= -308.87 /«z( c ) - 310 //«(cX 2 . 1 MPfl)< 0 . 60 /' d = 0 . 60 ( 3 , 750 ) 

= 2,250 psi O.K. 


nfi3HfnJ4.1b 


/*=- 


/>• 




M 


D 


347,004 ( 18.73x21.98^ 


615 


97 


4,984,416 

2,717 


= -2,958.95 + 1,834.53 

= -1,124.42 psi(c) EUR - 1,125 psi(c) < -2,250 //si O.K. 


(b) tffnmtnnjtnnfi{ims[ui 

islintuiss MBRnunnuiainiRaTma 18% 

■sb Li ] Li 


f pe = 0.S2f pi = 0.82x189, 000 = 154, 980/wz 


P e =12x0. 153x154,980 = 284, 543/6 
2 in. 

W SD = jfx 1° ft x!50 = 250 plf (3. 6kN/m) 

M sd = 25 °^ 72 ^ x 12 = 1,944,000m. - lb 

M D +M SZ) =4, 984, 416 + 1, 944, 000 = 6, 928, 416m.-/Z/(783itiV. m ) 
nfJHfnJ 4.18a 
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f= 


f e r ^ 

1 _ C C L t 

- r 2 J 


M y) M 


SD 


284,543 


615 


1- 


S' 

18.73x10.02 

97 


6,928,416 

5,960 


= +432.5-1,162.5 = -730/wi(5.0MPa)< 0.45/' c = -2,250/wi O.K. 
nMHfm 4.18b 

S c Cb 


A = -fl> 


^ M D + M sd 


284,543 


615 


r 2 y 


1 + 


18.73x21.98 

97 


6,928,416 

2,717 


= -2,426.33 + 2,550.02 = +123.7 psi(0.S5MPa ) ffiR 124 psi(T ) O.K. 

fitiiRmmttmsiunfj tsIlnnjitinjmijimtjRaRTHituititumssTH stiHsintuHslR service 

1 Li V 1 Li U 1 in 

load, « 12^7^ = 89 psi 1 

(c) tpmtntiJijifintHitustui 

HsnjH8mRmTHitiH8friRMHiMit3wts1ni[SH8mfiirifiTrmtjB 

v r i U i i U 

Si = 77,118 = 10,337m. 3 


M l = 


nfdHfTU 4.19a 


9.46-2 
280(72) 2 


8 


: 12 = 2,177,288m. - lb(246kN.m) 


rf _ Pe 

2L 


f 

i c c L t 

~ r 2 J 


M d +M 


SD M C sd + M l 


S' S'c 

IBlntifilimiB* HtrtSnRUJtmfiRn superimposed dead load M CSD = 0 

^-730-247738 

10,337 

= -730 - 210 = -940psi{6.5MPa\c) O.K. 
nfdHfTIJ 4.19b 

f h = +123.7 + 2,177,288 = +123.7 + 693.0 
b 3,142 


O.K. 


= +816.7 ran 8 17 psi(T ){5AMPa) < f t = 849 psi 

(d) MisnatBlntiRljnwMtnM 

HannHsriMtiraHatjinTtmu doubie-T 

V r vJ <in 1 Li 

E c = 57,000^/77 = 57, 000j5fi00 = 4.03 ■ 10V/( 2 - 8 ■ 10 4 MPa) 
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HannH9pMt3rani3RTintiit5imaiai3maaR 

71 r vJ & i U ru 

E c = 57 , 000 ^ 3,000 = 3.12 ■ 10 6 psi( 2.2 ■ 10 4 MPa) 

titmnjuHgtiiiHgpMts 


3.12 ■ 10 

«, = F = 0.77 

y a no i r>o 


4 . 03 - 10 c 

S* c = 8 , 152 m . 3 ( tEJtUtTISnSSStll) 

S cb MpUMHM 81 iaipHJUWnpWnpW 2 ifi. - 10 , 337 m . 3 


MpmgnBiaiwiuMHsmntjiRtjmu i 

napa/^ iBlpjMJtMRpw3iaii5= n M ^ 

= -0.77 x 2, ' 8 7 | 7 ^ 88 = -207 /w/(l .4A72 J a)(c) 

napa/ Cirf , iBlwriwRptiJBiaipH= n^- 

$cb 

= -0.77 x 2,177,288 = -l62/wi(l.lMPaX c ) 
10,337 

2 . fjtjpatjsfnmwgttj 

inTRiinmiTnnnBRTTRtiltilUMBTH ( IRHIBlSfniTRRnBRTllJtllinBtlinnillMiRfTinUBti 

Uu c? Uij u L <si U c? Uw eJ a l n 

50 d b ntSti) 


e c = 12 . 81 m. 

(a) islintmtii 

t _ 347,004 12 . 81 x 10 . 02 ^1 

7 ~ 615 t 97 J 

= +182 psi(T )il. 26 MPa ) « - 2 , 250 psi O.K. 

, 347,004 f 12 . 81 x 21 . 98 ^ . 

b 615 ^ 97 J 

= - 2 , 202 psi(c\l 5 . 2 MPa) < 0 . 6 f' ci = - 2 , 250 psi O.K. 

(b) tSltptUtntUBlRRpnigf^ saia service load 

Rl 3 TRil 3 H 8 mRBTHml 3 MnM 8 iait 3 BtJMItM 8 H 3 tp 9 H 13 RIHRBtiltJRtJTfiliJH 3 CmR 

i U i U U iu v i U i m 

tslSSO.K. 1 
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Summary of Midspan Stresses (psi) 



V 


Transfer P t only 

+433 

-2,426 

W D at transfer 

-1,163 

+2350 

Net at transfer 

-730 

+124 

External load (WJ 

-210 

+693 

Net total at service 

-940 

+817 


3. RtinSI camber atifTlCltflU 


iBitnnntir 

<zi 

StJti E ci = 57,000^/3,570 = 3.49 ■ \0 6 psiig.2 ■ 10 4 MPa) 
ntfURHS tffimra 28 tti 

i i 

E c = 4.03 -l0 6 psi(2.Sl0 4 MPa) 

nras fte), camber (initial prestress) 

s _ p , e J 2 ! P,{e e -e c )l 2 

' 8 E ci I g 24 E ci I g 

_ (- 347,004X1 8.73)(72xl2) 2 (-347,004)(l2.81-l 8.73X72 x!2) 2 

8(3.49 xl0 6 )59, 720 24(3.49 • 10 6 )59,720 


= -2.90 + 0.30 = -2.6in{66mm) t 
= 641/12 = 53.24 lb /in. 

l <* 

5 / 4 

mnE^m^mrmrasnitiojrjTHitjH8mriHmm§ s n = — — — 

‘ * 384 EJg 


5 x 53.42(72 x!2) 4 
384(3.49 • 10 6 )s9, 720 


1 .86/«.(47mm) -i 


titttSS net camber iglintllltil 

V 


= -2.6 + 1.86 = -0.74m.(l 9mm) T 

4. fnflUltIfnH9tlJimrim service load 

ni 

(a)ln I e tpM9fntl 

f r = 1.5-fJf = 7.5V5,000 = 530 psi 

jfrttfTlHHiri service load = 817 psi(5AMPa) Jt 3 fTUS"ICTl ( tnBMfiHB) 1 titHSS HSfTlR 
Hiswim|ug iuirainnn|S i e juMgmnriMHfTii 3.19(a) sti (b) i 
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d p =18.73 + 10.02 + 2(topping) = 30.75m.(780 mm) 

12(0.153) ^ 

p bd p 120x30.75 


nfi3HfTlJ7.13 


1 = n A 

cr ri 'p r *ps 


d 2 p (]-].6^Jn p Pp) 


28.5 -10 6 


n p = 


= 1 fnitnBipiBlntiMHmi7.i3 


4.03-10 

MHmi7.13 §j I cr = 1 1,1 10m. 4 (4.63 -10 5 cm 4 ) 
nfjHfru 7.3a BaRtHiuMnaima/^ 

Bti/ rf tnitnBRniiBiM|mnMnM&iaitfriHiBln[imw ityiatiiHtiisti f r = 7.5fjf =530psi 1 
HHli m rr IStuunninjn^msusnmtinSojua^THiswimragR 

7J or ocsdj n^JrtLi 

M cr =S b (l.5jr~ c +f ce -f d ) 

= 3,142(530 + 2,426-2,550) 


= 1,275,652m. - lb 

HHianRHfiniiniiJtmiiijntiiriuBRHitsimBiHRnii m„ 


M cr _ 1,275,652 
M fl ~~ 2,177,288 

itiimtftjfi3Hmn.il 


= 0.586 


M cr _ y _ ftl f r _ y _ 


h 


"817-530 

v 


693 


= 0.586 


/■ A 3 
V M a J 


= (0.586) 3 =0.20 


tititSS nMHfTIJ 7.10b 


h = 


/ \3 

V j 


1- 


/ \3 

f M^ 

V 7 


I < I 

1 cr — *- a 


2,177,288m. -/i> 


= 0.2(77,1 18) + (1-0.2)11,1 10 
= 15,424 + 8,888 = 24,3 12m. 4 
w SD = ^(891 -64l)= 20.83/6/m. 

w, = J- x 280 = 23.331b/ in. 

L 12 
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5 w/ 4 _ 5 x 23.33(72 x!2) 4 
L ~~ 384 E c I e ~~ 384(4.03 -10 6 )24, 3 12 

= 1.73m.(45mm) I ( tilRIHHtiJH) 

laimtuiiJtmntnmunti topping 2 in. niWH8rrint?iR|jmu mniJiuititmiiuntun topping 


tilHEUSia I g = 59,720 in. 4 

5 x 20,83(72 x!2) 4 
SD 384(4.03 -10 6 )59, 720 

thnjngltmmttfmjbilinear method 


+0.63 in. X 


f net =f cb -7.5AfT~ c =8ll-530 
= 2%ipsi(r) uJtiratifijtnBtgiHitm 
f, = narsnijgifTiiiJtiiuaiiJimuaRHitsilHuiiini* 

J L-* i U ~o n en i run 


= 693 psi(T ) 


w n = 


itimauaRHiitsfiJniHaua^Ttnawmira 

C* d* n l J ct U 


(f L -U^= 

Jl 


693 - 287 
693 


x280 plf 


o 

o 


= 0.586 x 280 = 164.1 plf = 13.68 lb /in. 

s L] ttlcuiituTicun i g iStunmipg 

5w n l 4 _ 5 x 13.68(72 x!2) 4 
Ll 384 E c I g 384(4.03 -10 6 )77, 118 

= 0.32 in. X 

W L2 = w l~ w l\ ~ ^(280-164.l) = 9.66/6 /in. 

S cr 4t3cuuciJTicun i cr iu[Ui{tig 

s 5 w L2 l 4 _ 5 X 9.66(72 Xl2) 4 

" 384 E c I cr 384(4.03 -lO 6 ) 1,1 10 

= 1 .51 in. X 

mn^uMiui^mtmraaRHitsiHanuiimpRatma 

= S n + S cr = 0.32 + 1.51 = l.89in.X 
sraenn i.73in.4rutajggnntfimln/, 1 

1 ct u e 

CUtUfiH3. S; = -0.74 T 
1 1 
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Net deflection im:inW8HBfiUnmTURtiTfntifi 

£U 1 U 1 U 

S Tota i = -0.74 + 1 . 89 = 1 . 1 5 in. 1 

C l. RlflUlU (camber) PCI Multipliers 

igiintufiJtmntiimuna topping RfHifj 2m. niWHsrnntjinttmu imsmtiflinuJimwii 

topping I g = 59,720m 4 R 

5 x 20.83(72 xl2) 4 ^ 

384(4.03 • 10 6 J59, 720 

itiltmfp PCI multiplier IBlS[imRR1WR|jnW8[mtHftnBffin topping ItSflimuim (30tti) 
BtilTRlHHIfi service load BtilTRIHJ (5JTI) mtilTRIHtfimntintHfTintJlTJ: 

U l Li ct eu 


Load 

Transfer 5„ 
in. 

PCI Multipliers 

§30 in. 

PCI Multiplier 
(Composite) 

§Fln«l i n ' 


0 ) 


( 2 ) 


(3) 

PTestress 

-2.60 

1.80 

-4.68 

2.20 

-5.71 T 

W D 

+ 1.86 

1.85 

+3.44 

2.40 

+4.461 


-0.74 T 


-124 T 


-1.25 T 

W SD 



+0.63 4 

2.30 

+1.45 1 

W L 



+1.891 


+1.89 1 

Final 8 

-0.74 T 


+1.28 1 


+2.09 1 


tiGISS mniJlUBl3I|fnm 2.\in.(53mm)i 

fnCltflUHSHTIR = span /1 80 = 72x12 = 4,8m. > 2.1m. O.K. 

1 * 180 

ril.^tn. ftriHsms stjmjmumtimmmstsifitiGHtraRiaTEnta 

ct Li u u ct u ct ct Li ] Li 

Cracking Behavior and Crack Control in Prestressed Beams 

cil.9m.fi. IMBrnffs (Introduction) 

mnfissJRinjp^tnrj partial prestressing lSmHSnpR§jH1SRl3|R1t3mmRMRiSiRmURt3 
rjTHHHtn service-load StitfiTIHWRgnriUSRinmi (overload condition) ifrlffiHSnjlR^jlitiRBSiti 

tniRaTsnaiaBfRartfiaRimigitiiincTiBmHiiJimwiiciiRciiiuBRii atiwRnmiwtinBJTJMfi i Ststss 

U 1 U u 1 U cu ~o 3 c? 8 (SJW- V 

RlJtiis|tJH1[UinSiri BiaRUntHTJM flexural crack St3R1^RU[RmSRinRBUSmrdflH1StlJR[in:Bl 
tnt5 1 RiiinnB*HiB!iJBn[mRiuMfiiiJimwiiRsnitita5iiJciiti*fi9ncmra9tnMiHtTU8iiJ[iimHHiB 

n xJ a ct u 
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iBliwrantiiTUfitirmia *i ms miHiamtftmminiimnmTBBfMHHnHiiJnitiinfHTHSMSiB Bm? 

I Li | Li in n Li u ^t. ^t. Li 

^rayjfil3X|nt3t^nU^Tjn!3nrnnfriCUnH 2 ll3t‘jpn t3 ‘L ?l2 ' t3T ^ mi l s (decompression) 1 Nawy, et al. tna 
l5miMnptjmf^f^IpBmari8ftyf^I960 nth cracking behavior TOM prestressed pretensioned 
Sti post-tensioned beam Bant]mni8[milJimrmimniJimitiI|m8^R8MinM prestressing steel 
igUtilJTHW BtiflgnnralmifnMlJlBI9jRIlJwmiJWfnitnHUtil|URi3|ma 1 Design engineer 
Jflt3|RU|fii3 serviceability behavior (cracking behavior) l]jTIHCUR8[iniGfTIJ (service condition) 
aanmHtiinsimuamwM (overload condition) snHimifniHafnnimuiTBBmiiJtiiBantunmal 

U s a x 7 i n a m U 

maGcintstas i 


rt.®m.8. mH3R[iJiff!gnMTHiu!sQtiJfmmra8 

v n u U m ct U 

Mathematical Model Formulation for Serviceability Evaluation 

/y/ZT7/y^£^/(cracA:sj?aci«g).^m|U§i3yl3mfiH1SlSlnl3nUSlSHHl3nRHBuJH1 talintiJuJnj 

uBRBitiitrrliRBtiro cracking load i itftmimiRinhRUBRtRBi^a MiHt|u*uiBHaaiRHHia luim 
1 1 

BBBimHirasaaMmalitsnalintiitiJtiiRaTmaiainaraHaitiiantiiaRaTsnamrTiiaiBinasnmutiH 

tjctLicv i Li ct | i Li m ts 1 

lUMfi uJimHBRRriRinRaimaiuMUBR ^ WRSimriiMMiasuiSR^TtriaRtiiiRtmHtTTisHmuitn 
lhB81R!lJniH1BIRRtnaia1inniRa[tnailJR13 tt3cmn^JICmi8T9l stabilized m i n i m um crack spacing 
RnhnimHinigiiJniHiBtnBHRuiHitTRiHtiiRSimtiiBamMBatiiiJaRtHHmuitn itiimTRftnaiR 

ot Li Li 0 a ~-b suW Liu 


stabilized maximum crack spacing 1 ytslSS stabilized mean crack spacing a cs Rtjl 
RtHHUTHtantHiJiBSiRmtirii i 

m eJ nj 

IRHIBRIUlRRHItifflinMIU T lutUltaJntuRlSlTORtitCh stabilized mean crack spacing til 
T = ya cs /uY.o (7.29) 

UJtU ytiltHR[UlttitUtlUlC7lfiR1iraatBRRi3TfiiaR1t1MR (bond stress), u tiiRartntifiinMRHtinnn 

itlcutjiHSRHsts/TV ttfiniZo ^tiwyRiBmtniRraMtnRiiJtiin^aiiJimiiJR ^ iRHiBRimn 

IJWWlj R IUMTR9riltiraRa!lJtlIItiR1I91fntil 

in Ll vJ i. 1 “xi 

R = A t f\ (7.30) 

iticu a, TRitnBRimRiJtiuauniaiRaiuB ri.bcJ i 

I Liu U in -o C* u 

lultU§ThJHffir7.29 1MS137.30 IR99tUtnaMHRlIBU3tTR1HMTH1Ua„ iuCUc tilRtHttsItlJtlltnari 

jl «<> u Li Li to nj 

rmntrma 


mntim mmmti Stimipuptinpmps 509 


\T.Chhcn\ 



HtmlsjimmfjfirtiftBra 


NPIC 


(7.31) 


A t f\ 

<7 = c — > 3 — 

MUnumimMintfllpB mjmmnitalc/V/T/V fflBRtHHBJHIWBtil .2 fojWij pretensioned sti 
1.54 rJ^HIU post-tensioned prestressed beams 1 




(a) (b) 

Figure 7.24 Effective concrete area in tension, (a) For even distribution of rein- 
forcement in concrete, (b) For noneven distribution of reinforcement in concrete. 


QWMimips ( crack width) .*[UhISiU A f s t)l net stress ISlnfcl prestessed tendon U“u 4 fi 13 "[eTI tl S"l HI 
"ESI normal steel tjjTIH crack width load level iuCURviiSSinBfi decompression load (decom- 
pression iSlSiSSHISSffitri f c = 0 tSlfRtisJjtJM reinforcing steel) tflBIUlBinjU 1 1 B 18 M|jnU 
pre-stressed tendon 

A/" ! = fnt ~ f d (7-32) 

ttinj f nt decompression load 

f d decompression load 1 

UltHHJHWntilBjHimm (unit strain) e s = A f s IE s 1 UfimMinnRRtjl unit strain tsl nt3 
ranaHiBninniiiMBiBiiIimwiifigntiiMHiinfTin miiHinq atj elastic shortening iBisimnsnimn 

is a i ui u 0 

9uiftnHini*iJBBU3iTmH 

ot U 7 J U 

>Vax = ka cs £ s (7-33) 

S w max = k'a c MY (7-34) 

ttinj k stiff tiimmtinSthtnsnfmnirma i 
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ril.9m.fi. MHmJMmiuttHJtJfnJsicTitjiHs 

u rt *v> 1 

Expressions for Pretensioned Beams 

iniriBNnNiMHmi 7.34 tafaJinuJitmraR a/; flBiBJiRaBtutnBMHmnBirniaaHiJn 

vJ-o u u ^ j u u Li y 

IflwftimwmitiiimBtffiaiiBBiJBBiaiTfTiH: 

h U V u 


^max = 1.4-10 5 a cs (A/J 


,1.31 


( 7 . 35 ) 


40% band of scatter |nuflnflU9BBmmi3HMM|HlUMHfTlI7.35 fdfHIU Af s = 20ksi IBl 


80 ksi 1 


(kN/nvn) 



^max 5 . 85-10 


— Af X 10 3 Ib/in. 

Zo 

Figure 7.25 Linearized maximum crack width versus (A,/l g )Af s , pretensioned 
beams. 

fdHfTIJ 7.35 |nftnBMtHtUgBBli3I|fnH tuHj§j design engineer 

(SIR US) (7.36a) 

( RRtjIHRJtHfR) 

Z. o 

ttitlJ A t RRtilcm 2 . Rfitflcm , A/.RRtilMPa 1 MHfTlJ 7.36a MflmtttiimBlJRBtntgiHIttH 

HRmHiislTRtas’i^RnTSia luimBinMiHirusHnuiHiiBiTRiattiiafnimcTiiuMiunaR 

Li t) Li ot Li Li <ii -o 1 

(SIR US) (7.36b) 


Lo 

w max = 8 . 48 - 10 - 5 ^(A/ ? ) 

Lo 


w, 


= 5 . 85 - 10 - 5 R^{Af s ) 
Lo 
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tt3cu r, bhbiumiiJr i 

1 u «/ U rfo -o «/ O u | t/ 

ras ri.bti uinmniJnTfnHiuMMHmi 7.36a uJnjBBBmwRRtiRTHRiRntiJ 40% i 

V LT1 "NJ fcJ Ll CtCVCtU 

cil.9m.1u. 

Expressions for Post-tensioned Beams 

MHfnrflJWtnBUlSmmi3MTtnUH[mmginWlHtTU«aina post-tensioned bonded beams 

n vJ Li ct Li ct a 

1 

ttJtutnsitiRRHfnR 

w max =6.51- 1(T 5 ^-(A /,) (SIR US) (7.37a) 

Lo 

w max =9.44-10- 5 ^(A/; s ) (RRtilHWiHlR) 

Lo 

ttitlJ A t RRtflcm 2 . LoRRtflcm , A^fifitflMPa 1 fdHRIi 7.37a M|H1USSms1|Ri3S|it3mRji 
RUBitiRumnn 

-o 

w max =6.5M0- 5 7? i .^(A/J (SIR US) (7.37b) 

2.0 

fdTHIU nonbonded bema, tHRWl 6.5 liSlR)3fi3BR1i 7.37a BtJ 7.37b Rlffifrl 6.83 1 

Li 1 ct tu 

JUS ri.be) tiWBflJnTmHIUMMHmi 7.37a IlJtmiiJirnri scatter band 40% ItitlHfiHSinaBtilRfi 

V n v U Li m 'o 

HISiSlRti flexural cracking 1 HWlR^Ht|U*Bl3tnBMIfnnilJim8Bi]i3IBll|rnmintlI incremental 
stress AUiwsa 30,000p«iffl35,000p« ttouttirmslRmus ri.tari ItJWHITWmBtifilflimuJR 

^ >3 vn 1 1 y in -v> V Li 

ram p r juMuJRitiiiuRtitmti BtiuJRHBiaituRtitmti i 

fniMnpTMlirtilfS5IUM Nawy et al. IBllWtmHITnJIUMnHraRainiRiaTRiailMMtiSM 
81)3 pretensioned S)3 post-tensioned tnBUiJUntslIHRim 5.85 iSlRtifbHRIJ 7.36a tiffitsiffilti 

A A in -o 1 ct 1 

tfps i M|tnunMM6raRa!iJwtnBRtHtBitstm* 9,000 psi tsi i4,ooopsi c 60 tsl ioompu) m 
RtimSSRIRUStUStlj 2.75 fltSIB*MHmiMTtnU9tntmHITU8HnUIH1IBlB?!lJRrnmtil 

1 *>. v Li ot Li tj eu 

w max = 2.75-10- 5 ^l(A/,) (7.38a) 

Lo 

fdTBItjsIRSI fdHRinSSHISJIti 

Li ct 

w max =4.0-10- 5 ^L(A/ s .) (7.38b) 

LO 

ttiEU A, RR til cm 2 . XoRRtil cm , Af s RR til MPa 1 
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U tuU ct inn l i vl o. cu 1 

3i312,OOOp«UR13tili3IB8 tfiHIBBBnnHRMIRRTHfWTHlUfitH f' tJB81i3UmH 

J -\A W 1 Li*j U fu ^ t- 7J U 




(0J5 + 0.06ff^)jf^ 


M^ntl post-tensioned beams, IHRimfilRTJBHJ ^R 
1 

3 0.75 + 0.06 ff~ c 

ttiEU f' BailMMtilUMIlJRRRtil ksi 1 

J L in 


(7.39a) 


(7.39b) 


Ct9ffl.il fmgCU^jmM ACI Code § (ACI New Code Provisions) 

R1ItiW9j5fiWIlpM|]mUR1I|RUtRtimHI[U8IBiRi3raRi3innHRlHim:HtlJlRIlJRtRitnBmR 
HRITUISlfiti prestressed concrete bonded beam toltUfTIJMSfi seamless transition JfdtifiTHf fTlJ 
serviceability MTHIUHtiRHBItilTTJRtiTRIti St3Ht3FiJt3tmRt3Tfflt3tnnm:CUCn 1 IHRIBBIBRIIIRR 

-'Ll n U i U n Li i U -o -v* 

(kN/mm) 

10 30 50 



Figure 7.26 Linearized maximum crack width versus (A/lJAfg, post-tensioned 
beams. 
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Figure 7.27 Reinforcement percentage effect on the relationship between crack 
spacing and incremental'reinforcement stress. 


"tfl S F lTI H t Ttlotsl TTJRx3TPrix33 FL5FT1 Clt Si Jt Htfjl CIIftTlJ fTIJfLJtiFi HS (initial imposed 

c* Li ct i U ] U i c* ot i n l 1 

l i 

precompression) i itjimfignniiBninsimmimausmwtffiasiaialnaninJiHamuHanuRaTma 

1 1 y a a s njot niUiU 

UJimtiimitminiJMialRa tendon 1 fTUtiw9nB*MBntslHtinniUM bonded tendon HBniBtjlti 

in U i ct ei ^ u 

2/3 iBHnjiHHBmiHHHuimMTinuiiJRHBiainiRaTma i MSmiMTHiuHaniairanarmarnm 

im U U i U U n U i U m 

til 


2 

S = — 

3 


^540 A 
- 2.5c 


y 


K A fs 

mBHainfntiiti 8(36 / a/*) i 

M^nUglR SI, MHfrmBJfTimtil 


(7.40) 


2 

5 = — 

3 


95,000 

A/, 


- 2.5 c. 


(7.41) 


u!BHB|Rfl3tili3 200(252 /A/,) UjCUA/ v Bfitfl MPn Stic, Bfitflmm 1 

A/ , =mn8Mmifli3Rl3TinailJWR[mBlIBlntillJmniRaTinl3ITfnHHiri service load tt3cu 

‘'j jet iU c* UiUU 

cracked section analysis tUltlJ decompression stress f dc !SlntiltiRi;(Tffiti 

[mti 'i 

c„ = clear cover riitiiafTiimrnSnutimBliiJniafTiigiiTiiiJimtminn i 
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ril.9m.ti. flgnciJitiJttnturangltwfnnRGtsggtifmmras 

of V <=* Li 


Long-Term Effects on Crack- width Development 

samnnstermsrmmmgiisItnmntiJuaicTi^i 

O vJ ct Lj in -o 

sustained loading Si3 cyclic loading UitJSUJB'Ulfl microcracking iSl ntli U ritl 1 iUltlJ micro- 
cracking service load ISlflti partially prestressed beams UTlRHStjofisnCU 


lCmJMfbi3 U serviceability JiJfjmifiramilS 1 UtB macroscopic crack HfitilHISfiSnEU tiintfilfd 

l n m J n i l n 1 a 

tJJHWltifi ah appearance 1 titttSS frmRai§atB9iriwiHt|U8 ItiWUIUntlJn sustained loading 
ti§fisnmtihi38it3E3tijfnnlt3Hi (durability) lUMHamTURattnaiihmHBRnthHamTtiRaTtnaiB* 

cJ cu x J ' n U i U nUiU 

tnBntitflltilj ( tiGtflHIti) UtjlUSIfi (utjtilRH) 1 HRtflSiltiEUSSEUn sustained load test JUlRtiEU 

on -^x & v u v 

islnjjn ah fatigue test itnnilnnglHratmBfiuiJinithinHitiinaaaBgwtnBgtfiRTiHiTTijntiiafii 
titi i !JBiB8?MRiTRflBBmiihmtiHrigintmHtTTi*HBiTtn8iTrnHHintiin8[miauBnim:intiimi i 

V o L»u *j ct Lj 1 Li Li 8 3 cn V 


Table 7.9 Maximum Tolerable Flexural Crack Widths 


Crack width 


Exposure condition in. mm 


Dry air or protective membrane 

0.016 

0.41 

Humidity, moist air, soil 

0.012 

0.30 

De-icing chemicals 

0.007 

0.18 

Seawater and seawater spray; 
wetting and drying 

0.006 

0.15 

Water-retaining structures 
(excluding nonpressure pipes) 

0.004 

0.10 


ri.9m.». gtnwimtusffstps (Tolerable Crack-widths) 

gtntmHtrasHnuitniiJnnTtSanflniHBiTtnsiriTMmBaRBigiuMHaR Baninsniitfmn- 

ct U UUmwiLi U u n 8 3 

i 

mNItJtmrafaul-SMfllBl 1 fnna ri.g n ACI Committee 224 tiaimnSl/lfinHiTtJiiJlCUHSnTlRtSl 

UUino- in m ct u i no 

naiTt^auflrananrnH[iin8[mmmiMitita5 1 

ct Li U m I U aa vJ 

rt.9(*. miRtUlBigt/i BtinonnWimTOStBlnti Pretensioned T-Beam ttitlJHStnSttifiGHtn 

<=t Li ct vt 

i 

Crack Width and Spacing Evaluation in Pretensioned T-Beam without 
Mild Steel 

QintnTiin tl.90? t3HTORi3ntjRi3TRii3Ji3fnjginitiiHSHisHSfnRHRn t titmttirmslrnsras ri.tarii 

ct l U i Li -o 1 i vJ^jin-octy 

fliairanarmatilHBtilHmBa 7-wire strand 270-K grade 7/16i/i.(ll.llmro)tSBB 15 19 

U j U i u ^ n if- V / u 
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maiuMHRjimn BiagiufiBHaraMiiJRRu^malgiJiuliJn f' c = 5 ,ooopsi , e c = 57,000 fj 7 ^ 

i 

Wlttf E s = 28 ■ 1 0 6 psi 1 JR stabilized crack spacing HRJH Bi39inMlHI|U*iaiptiB}!lJR RuRiSl 

TRmtijaRiJsicnjurjRmTRiHmn Af = 30io 3 psi i MgntsiHBHiamitnRiiJitDRHiarnH aa 

l_i ai "o ct Li “ J ■* v/t> su 

uJiramnwRinniffraia i 

H VJ 



34' 

1 


6 1 


1 

1 


t 

10.36 



1 


N.A. | 

25“ 


i 

44~4~ 

3.5" 

c -9-*- 1 






15 "V* / 

7-wire strand 

i 

1- * 



-* 14' ► 




Figure 7.28 Beam cross section in Example 7.10. 


tiiaimiimtn: 

Mean stabilized crack spacing 

Af = 7 x 14 = 98 in: 


Eo = 15 7lD = 1 5 n 


r 7 \ 


au = 1.2 


Zo 


= 1.2 


V 16y 

f 98 


= 20.62 in. 

\ 


20.62 


= 5.7m.(l45 mm) 


guiwiHirajHRunnialTHtialiiJn 

ct U Li v 


W 

yv rr 


= 5.85-10" 


s( A 
1.0 


A/, =5.85-10 


-5 


98 

20.62 


30 


= 834.1-10 5 in. = 0. 0083m. (0. 21 mm) 

8iriririmmsHRUJHiisiTRmtirt3RijmcTiJurjRH 

ct Li Li -\j ct 


25-10.36 
' 25-10.36-3.5 


w’max = w m „ Rj = 0.0083 x 1.31 = 0.01 lm.(0. 28mm) 
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Ct9g. fnmtuimgtn aiaRtlTlRfiJimragtalRla Pretensioned T-Beam ttitUHlSttJRHS 

ct Li c* 

1 

Crack Width and Spacing Evaluation in Pretensioned T-Beam 
Containing Nonprestressed Steel 

^P7Z/7//w/y.5>5>.*GmslRt3gmuit[in ft 90 RHisISRRHsnHsrmmRtirma 3#6 Stsutinnitsiriia 

c* ct va> Li 1 Li V i_n ~o ofc 

JUS RtUlfiRtirm StirnimftJgfdfH'lti incremental steel stress Af s =30,000 psi(207 MPa) 1 



Figure 7.29 Beam cross section in Example 7.1 1 . 


titamsitmtn .* 

Mean stabilized crack spacing 
A t =14(3x1.75 


' 2 x m +i -'- 


l|)= 14x6.84 = 95.8m. 2 


Eo = 20.62 + 3 x 2.36 = 27.70m. 


a,, =1.2 


A 

lo 


= 1.2 


95.8 

27.7 


= 4.15m.(l05 mm) 


gtnMiHtrujHRUimialTHtialiiJR 

ct U U v 

- 5 f V 

Eo 


W 

yv rr 


= 5.85 ■ 10“ 


Af s = 5.85-10 


-5 


95.8 


27.7 


30 


= 606.9 ■ 10 5 in. = 0.006 lm.(0. 15mm) 
901 fill HtlHS HRU Ill'll Si THlatti Jt3 R1 JSim JTJWn H 

ct Li U tii -\j ct 

25-10.6 


/?, = 


25-10.6-2.75 


= 1.24 


^ Rj = 0.0061x1.24 = 0.007m.(0.18mm) 
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fmtlfUimgui StJRnnfifinHnUStSiRia Pretensioned I-Beam ttJtUHlSltiRtiHfn 

ct U ct wk 

1 

SBflnijjfjtipti 

Crack Width and Spacing Evaluation in Pretensioned I-Beam 
Containing Nonprestressed Mild Steel 

Q9Wim ri.9b : Pretensioned prestressed concrete I-beam HISDrStil [ill HI TRtitiUtfl tTliSlntUilS 
fi.cno 1 llJi3UURi3T?ni3lJlHtIJSi3 7-wire 270-K grade low-relaxation straind HUfiBR 7 /16zn. 
(ll.llmm)BBB 20 4#7 itiEUtflS yield strength f y = 60,000 psi 1 PTEU1S1 mean 

stabilized crack spacing incre- 

mental steel stress Af s = 20,000 psi(l3SMPa) 1 IlhmMBHthHBtnBmitnmihmRHiafTIH U 

uJiramtiMHifiafiJR Baranamniffra iuimTHRriBHTth9tntmHtni«iJnnRntnBmntTitiiR8[m 

h i vJ l_nj U c* U ~o q a 

(deicing chemical) 1 



Figure 7.30 Beam cross section in Example 7.12. 


driungtfinar: Af s = 20,000 psi{i38MPa) 


Mean stabilized crack spacing 
Af =18(3x1.75 


' 2 X 16 + 1 16 i 


1-5- ): 
16 / 

Eo = 20 kD + 4x 2.75 = 20;r x 


au = 1.2 


f 

lo 


= 1.2 


122.06 

38.49 


BUiwiHtTtlJHRUItniBlTntiBlllJn 

ot Li Li V 


= 122.06 in. 2 

— + 4x2.75 = 38.49 in. 
16 

= 3.8/«.(97mm) 
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^38.49 ) 


= 371.0 ■ 10 5 in. = 0.0037m.(0.1mm) 


stormHnu§HBuiHit^TfimtiJi3fTirmcTimri3CH 



36-19.23-2.79 


w'max = H max = 0.0037 x 1.2 = 0.004m. (0. 1 mm) 


max 


max 


BinimHirusHBrmHHHUiinMTmumiMinHTtitii 

ct U i m U U 

nsrmti nLd w max = 0.007 > 0.004m. 1 

fltilBSHtHimi serviceability 1 

rt.9ri. fmercinaristri Post-tensioned T-Beam ittaJHisttfR 

i 

HBititpijauntt 

Crack Width and Spacing Evaluation in Post-tensioned T-Beam 
Containing Nonprestressed Steel 

QdlUlIflfl Cl. 9Ctl: Post-tensioned prestressed concrete beam HISHSfTIRHRn T uiTulTimiSl fit! 

a 1 O v ui m ct 

JUS ft 919 <1 fljmmnmmtifrlHmSti 7-wire 270-K grade low-relaxation straind HUfiBfi 

V Li i Li u o n 19 - 

7 /16m. (l l.i imm) uaa 12 BtinTStiuiatntfimuJnBHm 4#6 i stnaiuMHmrijiH sustu^shs 
jurj?j3nR[RJtnsuaimtslRt3ratit3it3Ji fjgRUi f c =5,ooopsi . E c =5i,oooff\^ tuim e s = 
28,000 psi 1 fflliin mean stabilized crack spacing Si3StflftTim|U81s1s!ltlR RtiGJSl[Rmi|tt3fm 

simmrjumrfnHmn a/; = 30 , 000 psi ItJwMBntsiHBtnBmitnmiJimRtnafnH mtfimmriMR 

-\jctl_l ^ O 1 ^t) tu "VI H 

IRRIffTtilB 1 US1UHR RMfithfiHUiritTl serviceabilility criteria MTH1UTRUTfitirmHtTU8MnnU 

vJ esi ct m J LiULictLiU 

UJUTIfTlfiUfilH (humidity and moist air) 1 

Btnmsitmtn: Af s =30,ooo P si(20iMPa ) 

Mean stabilized crack spacing 


A t =18x12 = 96m. 2 

£o = 12* x — + 4x2.36 = 25.93m. 


16 


f 96 "\ 

= 1.54 — — = 5.70m.(l45mm) 
U5.93J 

Bt/iMlHtTU8HnUItniBlTRtiB]!lJR 

ct Li U i) 
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Figure 7.31 Beam cross section in Example 7.13. 


w„ 


= 6.5 MO -5 


A 

Lo 


A/, =6.51-10 


-5 


96 

25.93 


30 


= 0.007 2m. (O. 1 8mm) 

BinwiHirasHnniinialTntiitiiarnigiiTiiuMnH 

ct u Li ds* ~o ct 

22-9.31 


R,= 


22-9.31-4 


= 1.46 


w'max = w ma\Ri = 0.007 xl.46 = 0.0 1 02m. (0. 26mm) 

(humidity) 

nmna ltd 9inmHl|TI*Hai|m8HHUIinM|jnUimBfnn humidity fi 0.012m.(0.3mm) 
> 0.0102m.(0.26mm) 1 serviceability B[nU]jTIS 1 
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miung 

cH.g>. fltmsifnntmtf si3fnnfrrafnH9 aiaim:ititiitmraMnH aastho tsgsiuimfi ts.b fdtHiu 

eu V ct U 

Pitta 010 tta §>GfOtta OleDEctta SlaCcgn tultU (a) multipliers method (b) incremental time-step 
method Si3 (c) approximate time-steps method 1 U SI U HRttjmjlfnnfl S 13 1 G fil It jjjj iJ t Gj U 

custscusitttss i inmn^uMmalnaiiJBnniiKHBmiBinM aastho ms? tRfjj f' c = 6,ooopsi i 
rt.b. gHraHi3BHB|cmtiiHnji t guBtHimHmuJnjinBimftita 68/t(20.7m) lauBRRunniiti 
8113303 W SD = 250 p If (3.65 kN / m) StitJSRHttaJ W L =300 plf (4. 3SkN / m) 1 PTElHS1fnntfnt3 St3 
RimJUfnH9IUMgHIB8UJim b ilin ear method Bl3RMB^PtfrUHlLMtIlBl3tPtll (time-dependent 
deflection) tSlHSttt Pitta CTlOtta i^Otta Btim&tf tTjttfimtTtJ PCI multipliers method BtittaftHtlR 
TslflMRIBlRlailJBRimR ACI htTH1UtlJR8[UltStlJHt3riHStHStT^t3UflHSSSl3 tG§tBlSfTlPtfltJ 
Gtnmsffl i train p. 7.2 sttsssmsitittfrm 

vJ U i) ct U 



HfJHlfd 

fJHlfd 

A c ,in. 2 

6 15(3, 968cm 2 ) 

855 

IJn. A 

59,720(24.9 xlO 5 cm 4 ) 

82,723 

r 2 , in 2 

97 

97 

c b ,in. 

2 1.98(55 8mm) 

25.37 

c t ,in. 

10.02(255mm) 

8.63 

S b ,in. 3 

2,717(4.5 xl0 4 cm 3 ) 

3,261 

S ,in. 

5,960(9.8 xlO 4 cm 3 ) 

9,587 

W d ,plf 

49l(7. 15&A / m) 

741 


V/S = 615/346 = 1.69(4.3cm) 

RH =15% 
e c =18.73i/i.(476 mm) 

e e = 12.81m.(325 mm) 

f' c = 5,000 psi(3A.5MPa) ratJi3SHS|fiTICU 

f ' ci = 3, 1 50 psi{25.1 MPa) 

f t tSlwnfdS'ltitffTlB = I2ff \ = 849 psi(5.6MPa) 
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A ps = low-relaxation steel HRfiun 0.5m.(l 2.7mm) QSS 12 tutU depressed iSljJililln 

Rtimtuituamtims 

n c? i run 

f pu = 270,000 psi(\,862MPa) 
f pi = 189,000 psi(l,303MPa) 
f py = 260,000 psi(l,193MPa) 

E ps =28.5xl0 6 psi{l96GPa) 



-IV 


43/4" 


Figure P7.2 

dm. RcmRstfifinmnjs stiRnrmfrnmTusHGimsImitmT amufjtimjns ri.b MTHitimons 

ctU ct Li U c* g* f Li 

Ri3|R1l3 1 5,000 psi(l 03MPa) (decompression state) 1 titsfp QJ 

R[tdRtfitBsiJirmHnuiHBujHi^mssmtnsmnnimR8[idRTH!fTiJTRtjTRl3ririHntJiriJTHitjtrjriris 

ct Li i) 8 3 Li^j Li Li ct Li Li o. 

fdmdHtlHR 1 

M 

ltd. §H bonded T gUBfHtmHmtnBplJtita 50 ft amtiHHIUBfiHITjinmiM 1,250/?// 3t3 

laHinuBRitii 200/?// 1 tPT^]tunan:KXci?i'm'[?T BanaimaHBmnHnmingtisiaiifTiH: 

A f = 615m. 2 

7 C = 59,720m. 4 (77,1 18m. 4 ) 

S b =2,717m. 3 (3,142m. 3 ) 

5' = 5,960m. 3 (8,1 50m. 3 ) 

V = 64 1 p//(49 1 plf ) 


V/5 = 1.69m. 

f' c = 5,000 psi ra?1l3SHSRH?n 
/ r = 2,250 /«/ 
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f' ci = 3,150psi 
fn = !84 psi 
f pu =270,000 psi 
f P y = 235,000 psi 
f pi = 195,000 psi 
E ps = 28 x 1 0 5 psi 
c b = 21.98m.(24.54m.) 
c, = 1 0.02m.(9.46m.) 

RH = 70% 
f ci = 2,250 psi 
f, = 849 psi 
f pe =150,000p« 
f y = 60,000 psi 

A = seven-wire low-relaxation strands Hi3Rf3R0.5m.(l2.7/7m?)GSS 16 1 

ps n v. \ / it 

mmslRt3^TRQRrjTHiuH8mRrjHirjiE3munjnmnRTHitiJiti8imiSnTHiri32/n. i 

IU ct U U 1 61 U <*I Li 

(a) IRB[UnRSH« c BtieJtitlJBtiin §JB1SRRfR1l3mni/, = 750/75/ 
islTRtiRnintiiitiiaiTRiHfigntmiBRiBRii aaRarsfiagirTiRaiiJBnimHHBtmmalTnia 

U n c/ u o & c* i U "oct i no U 

H8R1RS{H1 

(b) RCUlRRintRlR gamruJlUimrintUliaiUMBHUJim approximate time-step 
procedure fJTHlU t = 7 Its SR t = 180 Its itflHJMBHtiltHHim ultimate creep 

C H = 2.35 1 rjp moment-curvature approach iBHjRtinRRintRimBmsitntmtiJ 1 
IRRIHSlRlSoMRlSiRRtuSRtinRHSnTIR ACI U18? 

cu ct i m 

(c) Hn^mtyiHi|B8ii^mwiiRiinnui^i3i|fTiHHinuaRigRiiM|jnumnjiBRi3|inti 

A f s = 15,000/75/ RS1tinRR|?fli3uRRlJfi3RR (decompression stress) 1 

rt.tf. RWlRRICTiRlR Bt3fTiniJimm:intlimnalRtiE191UlI[m fid itilffi incremental time-steps 
method toltllfdSRIjllRiTtJ seven-wire 270K stress-relieved strands HRR'Br 0.5 in. (12.7mm) 

qss 12 iBmiBiniRiarmaigiitiJHSRiHSH i RniiBiBiriimHinisii^mtmiRiinnniiJianRiHHiri 

U Ed c Li i Li jet ot Li r~l Li 


mntim mcnmti 3timr[mptinpmps 
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uamgmiM^numnjiaRatina Af s =i5,ooopsi umunfitittntitififmMtin (decompression 
stress) 1 
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VIII. Htimtifm&jfciri smtimjmmtTUfimfiiti 

n n v u i U 

Prestressed Compression and Tension Members 
tf.9. IWtimfaH (Introduction) 

imj^imruranainiRiaTinaBmairaaMTffiuHaHiarnirinuiiiitJ fiBtfiBH atiRTtnwsim 

Li l Li l Li Li Li n n U U 3 

RUJlGJ RbtHitnBimtUMtpiUHaniaRHiamHHnj (axially loaded member) tJBtflMMIliti 
( HtifiJtifnJfJtiei) Sl3Hi3fit5[lJli3 (tie) MTHlUHannati (arch) SD truss elements ( HtiRitifTli 

n n n 7 U n ot x 7 n 

men) i ms HsmsHisiBafnmmnumarfnamfntiiHs umentirntmtins i 

I n Li Li 1 U -oi^i^Li 

tsm milmn aarniMnnH[mmHaniafriiMtiRiTtiRi3TsnanHiatiiRnii:TMiiJtt3maaHi3R 

Li n xJ n nUiU sUiJctn 

ranaimiHiamiMtimiJi *i RHntiinjRtiTintimHHRiBitiRtiiBlRti bonded tendon HatnBuiSn 

i n oj U i Li vJ c* c* n 

column action 19 titslSS buckling HSItslRRHISig IWmWtifmtimpRtitmti BtilTJRtitang 
^niujmii^m^wfnHuiiiinmralitJMiuiuMHan i uJimtmiimuuiBsiuim tsumnijtatfnta 

i -o ct <si n U i n 

lUMranaiBlRnmniTHitnaiBSTiuiHiifttDimifiBnwMniinniMiiJmTURaTsnaliJtmiaufnH 

l n Ljv fj d n Li i U n 

UUUntDHRJ 1 

tiiBHmMMdnalHiafninHuiuiauiaHniwuaRfnHHm uJimtmiuan&iaiTRiRTHBBn 

n <in O a u u tf. 

niriM *i tiitiiatini HsmRranaiafnigimiaiTRtiTtiaiiJtiiiBiaimriisiMRHiuMnaRmHuinjnm 

d \ 1 "\j Li U] *s O «i> < 2 j n 

tfltilR 1 fmHtTUMRfitnBISTti mBIRH1BRlIt71lfltnBR1Him:RinTURHil3ITtIRl3THil3IBiRtiMM1 1 

ct Li vJ i n Li ni Li i Li ct 

niMBitiuBRHBiRatiinaRB3R iBi«RHitiinjRtiTflitiHBHiBimi:M8iaig ttfimtmnRHBTRiRiJ 

U 1 n nj Li l Li L»u 

9jRi3tflii3Mama1lWH8R1RraRl3IRBI§a 1 

iRmBnBiinjnHaRiiaRiiMaRiairaRaTHiainiTiHiHuiiimmTuliaiuMfiniMaraHaHiBR 

n n U i Li n Li U 

imRU6l|URl3tml3ialBli3Bi3IUMflI9IBl* 1 tRMBIUIRRinaRlJnRUtillJimfgR (partial loss) IR 
TRfriBmunR[UnmiJRialRt3 development zone HBtnBJtilTTJRtiTHlia ItlimiRTRiRRHSRimal 

LiU ct A U l U Liu 1 

RUBBU3BatilH8RlRraRl3irmHItiUaRBlRSR 1 

II l <* tf- 

tiiBHHiHaRiaRiigirTiiRaiiaiRRBiamiTiiiJimtiitiiiRmiun* i HtifimtiiB*fliRiiBBtfi 

n "nj nj -\j d* i run n Li 

HtifintitilTJSlfi tiGtfl railroad ties, restraining tie fiip'd arch bridges, HtiRItiRlimmalRti 
truss SD foundation anchorage MTH1UITR^l3ufl9uB 1 HtiRJtimjgimRmtsUlSntiJtiii UtfimitlJ 
taDluJ E3t5tjl witness prestressed circular container U catenary-shaped bridge elements 1 RS19 


ftamammatf amarmmnnmnama 

rt n -K> U I u 
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BUiaraMHl3HItimimninfTlimimiWlHITU*IUMflITrnHHiri service load StimtiStjSEU service 

n "o ct Li Li 

load smatTni ga overload i miiflniHgHigimHiTusnmimiiTtisMiiJn sticunstintfjfinsttlita^ i 

Li ct Li Li] 330- 

tf.to. HaRiamiMamraRaftna: Haimnifiausn saHHtiislRtiMMi sawwims 

n n U 1 U n a w ct U 

Prestressed Compression Members: Load-Moment Interaction in Columns and Piles 
iuHjnonri nominal strength raMMMn|fnHHinugnBnniR|mtija9 IRBltnBtfiifiimm 

tUSfnn?1|Ji3iStJSJj!ll3 ultimate nominal loads P n Sx3 ultimate nominal moments M n UjCU 

§jiultU 

M n =P n e i (8.1) 

ttitu e ; -itiB[idin|fimri3usm(rnHmnisusjrfiausR BiaHHijitijas *i tijiunmsgsiRssmfiti 
P„ S13 M„ |RliJlStJainitSlRaElj1|friH interaction IBITJB ti.9 fdftmUfdfdJHSjJinf (tnmtJltU 

1 

wiimhii:) gaMMirtmf (tnmflitDMiiMifnn) i iglRtiMMii mramRRHisitiimfmrasnmris 

Li o. ct tu 

tsiEdcuGEinij a mHmtuntURsa oa luim concrete arches igirntirtiaiamiMan t mthiummi 

1 6~i eu Li U 1 n U 

TfiTl! RIHIUMUgRHSiUIintlirigiBltJtliBimtifi RlHtmiJnmfiBti OBC istumeisa interaction 

Li at 1 n eu 

diagram iglfRiaBUJiBC 1 HMimniRRHigigiinniitJwugnningiBitJtmigm|m*§iR (critical 
load) 1 



Figure 8.1 Basic interaction diagram for columns, (a) Path OA for material fail- 
ure in nonslender column, (b) Path OBC for buckling failure of slender column. 


RlIMgRtilHtlIlJigMTinUMMnURl3ITURi3THil3inBtlIR[m:TMUJtl3RlBi3RlIMBRMTfflti 

«t> V <zj Li i Li I Li 3 Ci i_l <=t Li 

Mwnufitiinntntii i RiiwBfimtiimjtnBtiBBitinRiH: 

1 V u 
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1. rninTiJimuiTHUTHtiinaintuialnaraHalraTunitiitiinimiumHigiinHRHMHsmH i 

U U uu U ct i Li Liu 8 n 1 

2. rninTiJimRarsnai^nanuaiarniManinaniatiinutii wimTfiitnBtjBwitfimTjR 

U 1 Li c* n v Lru u w 

l l 

tsmrnimMHiHitRiBlRarnfJfTm stimiwnjifituisi i 

3. ifirmwtimRiHgmRgBtiRiarfiiti BauiTHUTHtunaintuiuMiuRa BtiiuwuJRiTTjRti 

m «J U i U U Uu U i U i 


|fna*i 


4. Crushing strain IUMIURi3IlJimMlinB}RlinRUIttU3 Bi3RH1i3ITlHHRJIBltRtiMIIM8ia 
IfRlthififi s c = 0.003m. /m. tuitll crushing strain HHJHIBl|RtimRR[UntlIRHMIUM 
HSRlRIlJtlliaUBRRlHHRjtilMBlBR £ 0 = 0.002m./ in. 1 

5. iRRRtsiHSRiRtnRiBlinraiiJnraitHutHninainjuiBlRaiuRaialiRtiMiiMiaRii 
MaRsiaiTRlutiRtiinBigliJtiiff = o.oo3/«./m. Uf n =o.oo2i/i./i/i.ialTRtimRR[untu 

n Lj 1 L -\A yj U n 

RHMITJMH3R1R 1 GOrntTl e c = 0.003 in./ in. tfifilHUJtlUTmBlRti ACI Code U?B 

n i o su U ct i n 

code tJigigtRiraRtHntiiaiBSR 0.0035 U 0.0038 1 

U U cu -va 

6. IRMBRtslinBmntRfiniaUItHUtHtlinainjU (compatibility of strain) jfltilUfiti 
BtiUjRIJTJRtitfllti 1 


gtH^BRiitnRRHiBniRnR:tMii|Ji3|nBi3RiitnRraMMMnuRainnHtii3iiJi: 

1. RlItSlRUJltDRlIMtiRfiya (initial compression failure), Q[dnfi§?ffiti 1 gfHiaiBRIITjlR 
iss iRHHiBiBiintmiiTHUTHtiinaintuiBlRaraRaiaiTRtiTtiaiiJtiiiauBRtiinBiJtii 

U Uu lj C* 1 U U] <in 

£ cu = 0.003 in./ in. 

RlBUnaigtHHIBRlHgiUtiia yield strain 1 GtimfiBfi e JUMUBRRlHHRIinBRtHRB 

a U cu J is- U cu tj 

tjlti balanced eccentricity e b 1 


2. RlItilRUJltDRliginifiya (initial tension failure), BirniRBflB 1 g|Htit3RlItflRt38 
uTmiMnsmmsfTiJtnmchRHs i tufifatslTtjtissicu yield HBiuRaluRTRiaTtialiJtiiia 
usn 1 13ClJTin§eT e rafdUSRfnHHRjtStjlti balanced eccentricity e b 1 

3. Balanced state of strain, £ t = 0.002 in. I in . , balanced eccentricity 1 g^Ht3IB8R[UlRBJ 

M nh IBilt3?8nRli3HBIHirillJtlITRfRlBa maximum 

a a cu v riu ci L»u c* 

tensUe strain IBlRi3TMgimi3RligifTlIMBa strain increment Ae„, =0.0012 iSl 

ct U "\a pJ 


n n Li / Li 
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0.002 in. tin. tlSltin service load 1 BnmnSHraMUBRSTlHHmTHftnanimHtil 

&\ is- & VJ Lru 

balanced eccentricity e b 1 
BnJlBMmBUIBllWlJjltrnH interaction R: 

1. M u =0 £ 0 =0.002in./in. IBlltltlltilfiufimMlIUBRBSn P u i smti 

HfyiiriRmBiHBB'i 

2. mBmimtTlIBlTHtiMnMiafTlIffllTlBiaiTfTlUtiHIUMraHa HJlffi s ru = 0.003 in./ in. tai 
TRtiMiiMiamiMiaHBiaiTfTlutiRiuMraHa 1 BsnaHmiuiRMmBliwMiiMiafniffiiTi 

U n Li 1 1 O o- 

Bli3I|RintiR 1 

3. P u =0 Bi3 s cu =0.003in7i«JBl|ntiMIIMIi3miMaR81i3I| j niUtiH1 HfiJliJlRMRIBi 
BHantiHSR’lR ItfimTRftnBRnJlRltfim trail and adjustment ttfltBfdSRRHfd c 1 

JUS Ca.fel U^nifiRlIIUi3IBRRi3TRia BamTHUTHninaiBlUMTHIURinjiBltiUBltilWI 

V 1/1 -o 1 U Li Liu lJ U 
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Figure 8.2 Strain and stress distribution alternatives across concrete section 
depth, (a) M u = 0. (b) e c = 0.003 in./in., and zero tension at the extreme tensile 
fibers, (c) P u - 0 and t c = 0.003 inTin. at the extreme compressive fibers. 
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BimtillJtlliallMMMtmallWlJnTrTlH interaction nMTHiuRiiijiiiJtiiMmaltiimsflnnin 

1 U Li Li <n. £U 

mtu (a), (b) Sti (c) rarjjUS ts.b unUBRBBnJlBIBllJwminRUiaiiaMg (pure bending) 1 RiJ 
RIMITJMWWI pure bending Rn^RftnBfTinilJtllHaRRntitlllBjUIUMUBRRlHHRJIHRim P u ttU 
HHtinRmaiti m u i fnin|i3iffiRi3|m)3nl3^nunjM|HitjRim (b) sti (c) |RftnBfiBMuJimyR 
BRIRIimMmmTfiUJWRHMIHMUR a = B,c tJBRI[mMTH1UBHIi3RliriRUIlJli3!lJn 

i U n m ' a y Uct n 



Figure 8.3 Stresses and forces in typical eccentrically loaded nonslender col- 
umn. (a) Elevation, (b) Cross section, (c) Strain distribution, (d) Stresses and 
forces. 


fftimtimmtitf Sa/am/mmimnartnii 

n n -v U t U 
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ninJinnaHaHiafTiiMannMmaltiimsSnjnRfntii (b) sa (c) rawras dla i uIthuthhj 

V n no- su y v Li by 

nainju ntiTfna aaninaMTinuniniiiuuiasTHftnBuiJitTiialntiiuB dm MTHiuHsmmmistJiR 
I|fTlHMlBfnnn[mma ultimate load itfimmitnmtfimMgli: 1 RIRtijltmHHtilwlr (free-body 
diagram) taltRlamnniimWRHMIUMMMITRlaHSfTin 1-1 H8fflRJUWHtiRTRittBUttl[TlIBlRti 
emits (b) ramra luimnitHutHtunainju sani3|Rims1inmtnnHisisini3QniiQ (c) sa (d) wjia 
hi 1 mtHUTHtuntiintu s„ tiimtHUTHturujintu uniform isImamfUanmHHiinnumaTfrita 

ct U Liw U Le U Liu U c* 1 U U 1 U 

fUhJSfTW Ijmminnj creep, shrinkage St3 relaxation losses IlJtll9jnjl3|pgB81i3I|fnH: 


C cn = 0.85/ ' c ba 

T' = A' /*' 

± sn ps J ps 

T sn = fps A ps\ 

MHmithsiaraMRWiiafi 


P =C -T' -T 

x n cn M sn * sn 


(8.2a) 

(8.2b) 

(8.2c) 

(8.3) 


TUMaraRHiaiTURaTfliaraMBfnnnRimintiinuTiRutimtiHMtii p„ iBisuiTHUTHtiina 

Li cu Li ] Li Li e? Li c Li Liu 

tBjuialnti tendon HBaammaiRiuMuansiaiTRiR 

U ct 1 in o. U 

fpe 


£ pe 


E ps (, A pS A ps ps 


(8.4a) 


iRHiBn[mRRiiitutywiamtHutHwnaiBjnialRi3tR^iti!iJRi|URa|Rii3 A' ps tsltncu 
Mi3RBi3fnRcifinjnnmWRinainiRl3TRiaTnMgfTiniBllJtii ultimate load ub 

n ntu siiUiULics v 

8143IIJT1H: 


As' = s 

l - yo ps a cu 


ps £ cu 


c-d '' 
C J 

C d -c^ 




\ c ) 


A ^p A ps ^ce 


T' = A' f } = A' F (f — A f' ) 
1 sn ps J ps ps ^ ps V * pe ps J 


u 


aem 

v c* 


T' = A' F 

* sn ps ps 


F — F 
° pe ° cu 


c-d ’ 


c 


T sn A psf ps A ps^ ps(^ pe ps) 


u 


T = A' F 

sn ps ps 


^ pe & cu 


d-c 


(8.4b) 

(8.4c) 

(8.4d) 

(8.5) 

(8.6) 
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cgc lUMHsmmntnB 

+ (8?) 

nMHfTIJ 8.2a, 8.5, 8.6 B 8.7 mHIGRtlJlR nominal strength P u Bi3 M u WtjnUBIinmBfi 
e, iBHTMtitJnrmH interaction P-M WTH'ltiHSRlREUTlHffi UUtt3R nondimensional 

series tS£3j1|fflH interaction P-M MflntfrlWWlttUntiltijas 1 IIMMtSRnJlBl (design 
strength) jjn j til S n [HI SI Cl ?i i H nominal strength 

P u = </> P n 

S13 M u = <jM n = (j)P u e 

to ^t^mRnjimeiusmuMri3arari3Hl3RJt3mrrdt3ri t i Biuntii me?„ sia m „ reuisitrIhis 

' l n n su u u L iy 

REHtRTJ !RHBTRiRBtili3RIHP u Si3M„ tHREUUS 1 JUS ti.6 UinrnntfmRIHBBlfiBBtiUBfi 

cu E*J Lry y cu M U \ y Lfl'oUU dj 

StiHHtittiEUH'lStiEUTlRBR 1 



Figure 8.4 Load-moment interaction diagram controlling eccentricities. 


fftimtfmmtiti stirtimrmnitrmtirmti 
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tf.CTl. tERIwmfiUStDUMftiij </> (Strength Reduction Factor </)) 

MTHiuHaHiaminnuiiJiti atiiauBnfnHHmsra csisHtfmtfmrtnmtfim tension rein- 

U n n rJ V n 

forcement mmititu yield luimmnSmitiitiinimrMn (ductile) lUMHanmamnnai^la i tfB 


Ms t ns 1 tncuitlcuHSHistJSR?nHHR| HannumHaafninnuiuitiMg (pure flexure) itiimiHHim 

10 <* OnU nie» XA i 

mnuamiiMMti dccdsti 0.90 i 

«>- in ' 


ras cS.c^Ce tflaimn transition zone iflwiBlnaimsinintiuiSaiHmmfnHUBBmMMia d> n 

V in>3 ct nio-in r 

0.65 M|jnu tied column iSl(). 7 () fdjHltj spirally reinforced column CSluCU 0.90 Rl^JflU pure 
flexure tslflti strain limits approach 1 Balanced limit strain CdfHlU compression-controlled 

i 

state IRftnBRimmiJim limiting strain = 0 . 002 in./ in. UtitllltijURHMHRJimH c/d t = 0.60 

MUnuHaniamiMtin i imntifitjmunniH <jp n = o.io f' c a,, tfi design axial load iiJniRtninti 
flimsi mmdmflsmH ^ii^mMiRmriMTHiuHaHiafTiiManmmiBaiiJciiMnialRa transition 
zone IS JU 9 d.d& 1 1 RffluIo interpolation ISfitH <j) fdfHIU transition zone Cl limit stain state 
lafTUMtiR (e, = 0 . 002 ) tffl limit strain state JAffUSini (e t = 0 . 005 ) tiBIBlntaMHffU 4.36 (a) 
Sfl 4.36 (b) 

(a) # tiiHBnHBiamtHutHtuniaiBju 

Tied section: 


tag MTHiuuBRmHHmnB inHacmn^TtiiSBiHRnii ^nSiiJcmntnBRTHiMTHiuHaniafTiiMan 

U u d i no ‘J n i ' cf Li7j U n n 


0.65 <\(/) = 0.48 + S 3 s t ] < 0.90 


( 8 . 8 a) 


Spirally-reinforced section: 


0.70 < \<j> = 0.57 + 67 ^] < 0.90 


( 8 . 8 b) 




Tied section: 



c / d t 


( 8 . 9 a) 


Spirally-reinforced section: 


0.70 < </> = 0 . 31 + ( ^- < 0.90 


c / d t 


( 8 . 9 b) 
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Stunts! balanced strain condition lalRtiHtiRItiRIJMiaRrafititmRtiTHititnBthTRHBR- 

ct n n i Li i U U 

tUlRSM 1 1RinBItuJnMHIHJ (trial and adjustment) tBHjt^lgjTmtllttJltUrdSfimH A ps = 0.0012 
tSl 0.0020 in./ in. UfflUniti service load aau}imR[UimRHMURRl3TH1l3 a IUWH3R1RITJR131 

n £u i U ii 

i 

IRTRittittitflRRlIMBRia* ItlimiRTRilRfiTHf nominal moment fJTHIU limit stain condition 
s', = 0.002 tpmin[UM6tJj1|RlH interaction IB 1 fflHlstSS IRHIBlSfijRlHHHtiHfimtnHlB 
tUR[Ui:raiMnffftiMTH1U balanced strain limit state ItiRUMtifi ItJtUMItJaiflimRHMHRItmR c h 

8 Li vJ Li n n sj U 

{uSsrasitns! 

Ca.ts. StnxijfniMTHiuMf!nRnjimHaR3ii3mJMl3muRmmRt3T8ni3 

u u n oi n i U i U 

Operational Procedure for the Design of Nonslender Prestressed Compression Members 

tRHlBHafR^UnaSliatTRlHMTHIUMRllRtUiaiMMISttJtllRinSRUIUMflTRUTRauJimRU s 

in Li Li sj cu e» ULi 

imtfimwmi: 

r 

1. R[UlBlUaRH1HHRt8H3tTRilHR[Ul P„ atiHHittHRIUl 1 RtUlBIBtUnRBRItJtUHBiR 

dj vJ Li i w v | u is. in 

e = M u /P u 1 

2. fdSRHSfnPi aaTUIRBIUMItJRBiaftJtllTRilTtr titstfl tied TJ spiral 1 IRHatRillSMUM 

v* 1 U Liu U u M 1 Liu Li 

H3R1RRB1 

1 V 

3. fdSfiSSS BtiBimUM strand 1 

^ u 

4 . MBRtjimrHUTHtiinaiBtmalMiiMiaRiigimsiaiTRlutiRiMaanlTHUTHninaiBtu 

Li Liu U "vj Li | Li Liu U 

itiEUfdSfi lUMttiRITTJRtiTHIti BtiUBIUHRUBRIUlB! balanced limit strain axial load 
P nb 3t3 HHti M^taltRia limit strain s, =0.002 1 fiunBIBSRHIB^JIRltijtitilRRtH 
lUMIHRtUlRlRUBmilMMtitiaftJn HHti M nb tSlBtlRtH strain s ps ttiRfjjHt&HRTJJH! 
iSlfjtiujnjjnH interaction 1 

5. M3RRHMHRJ[ljiRc lUimR[UlRJRf > fl 3t3 M n 1 UmUHRj^RnSRjmn^U|RlSmfdH8 
RlfiltiUJMBR Itfim (j)P n >P M tHR[Ul Sti</>M n >M U 1 JBMBtUHSRlfiHBHIBtBUaRIH 
film tlllHlSHSmfiGinR IRTRftlfjWffMHSRlfl BtiUjRIffriaJtTlHIHim: trial and adjust- 
ment ltflffiffSl?ttjUTlS 4 S135 iSTtilm ItfimiHmiaRlIWijtimRlH interaction 1 

in vJ u sJ U 

6. MRj!R[UlS!tijRS!i3 (lateral reinforcement) 1 


fftimtimmtitf stirtimrmmirmtirmti 

n n -v U t U 
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JUS tf.g UttlHin flowchart JStjUTlS trial-and-adjustment fiiJfTljJfnti StiMnnPTCUlSn 1 

v in ~o J ct \J 



Figure 8.5 Flowchart for design or analysis of prestressed concrete nonslender 
compression members. 
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-in U \J in tt u U Li 1 U Li 

uTHtunainfnMTtnn strain TRftnBtiuitniaiRtiitig cJ.ri i RtntiinjRtiTRitiTuwgmniTfTim 
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Figure 8.6 Section geometry. 
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Figure 8.7 Stress-strain diagram for Hn. (12.7 mm) dia 270-K prestressing ten- 
don. 
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Figure 8.8 Strain distribution. 
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T sn =0.612x29 10 


-6 


0.0052 + 0.003 


12-8.13 

8.13 


0.0005 


0.0005 


= 126,509/7>(563Z7V) 
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P u - M u 1 nujljrriH imanSmtilHniftlBIBHHtiHnUIHIinBHIHinjIBti M n = 2,047,838 in.-lb 
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Table 8.1 Summary of P-M Interaction Diagram Coordinates in Example 8.1 
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P„x10 3 lb M„ 

xio 3 in.-lb <J> P u 

, xIO 3 lb M u 

xio 3 in.-lb 

ein. 

1 

00 

14 
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0 

0.65 
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0 

0 

5 

18 

13.5 

826.6 

388.9 

0.65 

537.3 

252.8 

0.5 

2 

14 

10.5 

600.6 

1,502.1 

0.65 

390.4 

976.4 

2.5 

6 

10 

7.5 

365.1 

2.005.6 

0.65 

237.3 

1303.6 

5.5 

4 

8.15 

6.1 

248 

2.047.9 

0.65 

161.2 

1331.1 

8.3 

7 

6 

4.5 

101.2 

1.969.9 

0.73 

73.9 

1438.0 

19.5 

3 

2.75 

2.1 

0 

1.611.3 

0.90 

0 

1,450.1 

OO 

•Max P„ 

allowed by the code for tied columns 

= 0.80<|>/ > „ 

= 469.6 x 10-' lb l. 

>090 kN). Also. 




1.000 lb =4.448 kN 
1.000 in.-lb = 1.1130 kN-m 
1 in. = 25.4 mm. 
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Figure 8.9 Load-moment interaction plots in Example 8.1 . 
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Figure 8.11 Values of column length factor k for typical end conditions, (a) 
Fixed-fixed, (b) Fixed-fixed with lateral motion, (c) Pinned, (d) Fixed-free. 
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Figure 8.12 Effective length factor k for (a) braced and (b) unbraced frames. 
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tiBBltiltfTlH: 

MUnti y/ m < 2 

20 


k = - 




20 

MttntJ y/ m > 2 

k = 0.9 A /l + ^„ J 


■V'n 


(8.12a) 
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k = 2.0 + 0.3^ (8.13) 

itiEU y/ tilHIHIBlBltiBailJllIBU (restrained end) 1 
IRHlBtUnmSBthfnn (radius of gyration) r = ^I g /A g til r = 0.3/z MftnUHSfriH 
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V U ct l TJ TJ ^ Liu «>• 

1 

magnification factor 8 ^ MMIItiBfHHlilMj BtiM 2 I3l8HaBiaiUMfl RtfltiM! <1 

bsrribhrip,, stiBHUtHRiuiM, si3 TRitnBBuiihmwnimrHSfnmiJtmiSMWMiifimfni 

<in U v i 1 Z, Lru 8 1 U 

IfriR iflwnuumtiimannBiiJtiitnBiTTigRiHaiimimratia ufiHMmwHtinitifriJwtiR shim: 

u- U ciLi-oin n n 

intUIUMUBR 1 fiaM^JfTURIlilBimaiB*. ACI 3 1 8-02 Code HSnjlR§JI|pRtBHRjH8im|fTlH 
MrmuwnimriuMHamBlnaiTt^aufl: 

u a n ct u u m 

1 1 

(a) HgtMH9pMBE c =33w l c 5 f' c BaM|tnUIUfla!lJtlItnBIIMMti 
5,000 psi < f' c < 12,000 psi 

E c = (40,000 + lxl0 6 )(w c /145) L5 

(b) BBtiStsRJfnn 

x V 

RB 0.357. 

“ s 

fdfdi 0.701 g 
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tirma (RiBwiHtrus) 

UJ- v/t> Ct Li 

0.70/„ 

tirma (HiBtmHtra*) 

M- ct Li 

0.35 I g 

Flate plates Stt flat slabs 

0.25 l g 


(c) 1.0 A g 

(d) fflSGCUmn (radius of gyration) r = 0.3h M{jnUH 8 R 1 RBfilRl[IJl IlJtllA tilBtfiialntiBM 
ItinjRRwmin u r = 0.25 d farHitjHsmriJiati tticuz) fifsfirafjHttfiitimjfbttii 1 

o-'oi Liles' n is- n n 

inmraRHHtiatitllfnntilHmaa (1 +B h ) tSltCltlJttJElJ sustained lateral load HlSfiin u 

HLmunjnnanjMifnn faro#* tfiiHRim creep tiBiBs 

p maximum factored sustained axial load 

total factored axial load 


iRMannaRHnaHinialrntiBiurmSn (e + A)talRt3Jtis &90 nJHTUiSflHthjM,. 1 titu 

dj Li is. \ / c * tj e-J n V L 

tajUM c /M 2 (Rftnsm§ji;cmiS^l magnification factor 8 *\ tfrfRJTJM magnification mjfdfll 
aatitmnjn slenderness klj rluiUk tilIHR[m|Tl!il3|TIMgfnn (effective length factor) fd[H"IU 
Hl3fiJi3fnJfi3i3fi ItfimftRHITMmBa stiffness iSlT?il3nantSiji3rarjHl3fiSHra?) 1 

n n U U i n u 


ifflJnfinSfiJ magnification factor magnified moment 8M 2 Sfcb)/V/| iutU 


H1SHtni;siTRl3QmtlJ8 2 aaitus 1 ITJWWWI (side-sway JUMITRiaiRRHIBUHR) 1 IRRIBIUn 
TilIBlRaRinjiHl3RIi3R1IMl3RniimHBaRliriRintUHRnHmt3filIUMfl IRTRfRRHHlaintUHRI 

Ct n n Li lJ O Liu u lJ \J 

BHtD5l}lBUlimi9TRnRlUJim[mnW restraint condition UJUJTfijBaHRnBlS 1 

U vJ ct Liu \J 


Ca.CH.n. Moment Magnification in Non-Sway Frames 

IBlRi3RinjiHf3RIf3RlIMi3RMRRi3 non-sway frames (braced frame) IRHIBBlRIHRim 
TUtJi3TUM9fnn k = 1.0 mWIRRlfJmRfilTfitHfiBtflin IBlRi3RI[miUUIB* IRRIUlfifitH k 

Li Li c» eu U ^ OJ 

UJimttiRIWRtH El ttinJtltncmalRtJBCinBSiattU BtJ monogram tslntams d.9l£n 

H CU U1 -\J C* | Ct D 

IHinBHBRRriR|ntlI slenderness ftJWSra 
kl„ 


-<34-12 


'' Mf 

\M 2 J 


(8.14) 


kl u = |UtJi3|UM9fnnifli3B[UlBIUR ItlimiRHBinBmR [34-12(M 1 /M 2 )] BtilfaitiBRIlilRta 
fdSfflJ 8.14 19 1 R (M 1 /M 2 )mBRtH5titnBIBlintiniJtlIHf3RIRlf3UJimRUinif3I91tlI(single 


ftamammatf atsitstnmmtmnarsnts 

n n -K> U I U 
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curvature) luimfiHiBmHifJtiinaialintiiHamrnaiiJimmiiniiagu (double curvature) cmcura 
S d.9lQa) 1 jjjfdSru non -sway magnification factor tJl 8 ns i UltU sway factor S s = 0 , 
magnified moment ffltUtjl 


IBtU 


M C = 8 m M 2 

r 

e _ 

°ns ~ p 

j r u 


> 1.0 


0.75P„ 


P c = 


n 2 EI 

(kl u f 


iutU P c til Euler buckling load £J[HTd pin-ended column 1 


(8.15) 

(8.16a) 


(8.16b) 


IRttfR stiffness 


II 



El = 


0.2 E C I g + E S I se 
1 + fid 


El = 


0AE c I g 

1 + fid 


(8.16c) 


IHHnillBwmnatJBjipHHHtiBimMtilBlaa equivalent uniform moment diagram 1 


MTtnUHtiflUJtlJfllB transverse load ( Ii31HUan81i3Bi3) 1 

U n ^ l 

C m = 0.6 +**>-> 0.4 (8.17) 

M 2 

ttiEU M, < M, Stt Afi /M, > 0 TUMBramBB[liltiIUmaiBim*t3aiUMMMI JiJS a 

^ 1 1Z,U^i nj l V 

(single curvature) 1 M|H1Utlin8[mBlBigjn HtimmJIBJltiUJtnB transverse load ISiGtSlSS^H 


C m =1.0 1 

mHHBtTTlHHUTnnmUMM, R 

M 2 , mm =^(0.6 + 0.03/7) (8.18) 

Ititu /? RRtJl in. 1 M|jnU81HSI M 2min = P„(l5 + 0.03/?) ttitlJZi RRfrlH£mH[R 1 HjltilcmsjR 
QnfTlRBRHtJjiIJH11SlRl3fi3fiJn!l3Rc min -0.6 + 0.03/? 1 fiJMSra M 2>min BBli3HHtiHaiHB M 2 
tR fiJHJRntHITJM C m tsl Rt3frJHR1 J 8.17 IMSti 1.0 UltiimftiRlWHHi3Bti M. Stt M 2 ttitU 
RimBitiimMa 1 

n 

ITRiaiBninrSaniBiaBa side -sway TJElTStiUJim shear wall RJH1S lateral deflection R B 

ULiU J -va Li w 7J 

tflti A,/ 1500 1 1 Si tn CU1 BtU lateral deflection BtiltitiUJIBjtnBS tR[Rfm§jHHflmsmBtlJUfl 
UJlHJ side sway tnBHlHHTJjmtn SflRIRiJSffi lateral drift H^Rlfl SttnfdfdJ 1 
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tf.CtS. Moment Magnification in Sway Frames 

MttnuHaniamiMaRtiJniHaHiamin^aiuaiaaa side sway iRHiBfinjimHRimjuiiti 

ruSsfnn k nmn £•/ ttJtuutancntsImaGctnts rt. msmHrarjJiHsmfctiita 1.0 ib i imntsHgnn 

Li e» ni in-vacti 1 ci m Liu 


Hfisncu slenderness tJJMBlU 
kl,. 

-"-<22 

r 

mmuiSBHHtiBa m, saw, tiBsuanRiH 

u n v 1 1 ^ v Lj 


(8.19) 


M \ ~ M lns H 
M 2 = M 2 ns 


■ 5 Mi s 


' S 

SM 


2s 


tultinSlfdSfntl M 2 > , ISIS design moment 


M c ~ M 2ns + S s M ls 


( 8 . 20 ) 


(8.21) 


to =HHiaBaiHn[miBl&ii3Bi3raMHi3Hii3miMi3miJtmi[iintiinnBmiJtmia9THia side- 

vi i i n n n n 

sway toHSfdSIS fl|HftnBH[lilBlUJimi|TJ first-order elastic frame analysis 1 M 2s = HHti 
Bi3IHminiBl81i3Bi3IUMHl3HIi3fmMi3HIlJtmi[UntlinUBmiJtmil39THia Side-sway tofbSIS 
fTXnftnSPTCinSlttJltUrjTJ first-order elastic frame analysis *1 

>M< 2.5 (8.22) 


5 s Ms = 


I. 


! XP„ 

0.75 IR 


luCU ZP„^titliymBUBRUmjiml3HMIBlRl3HmtilB mittf lP c tjUatlJ1JR Euler buckling load 
( P c M|tnu pin -ended column fdjjmUfdfdjtosUSti sway SltiHfdtSlRtiHffitilS 
P=n 2 EIl{kl u ) 2 nfdHfflJ 8.16b) tflHHJBtifitH El tosSWtf SHfilHRlJ 8.16c tl d 1 

. L \n/j utu u "vi 

IBlRtiRiniiMTHimHHi3HIi3fniMl3H!nHm!lJtlItnB 

c* Li n n u 


— > 


35 


r y/Pu/f'c A g 

intRfMf^RimmHanMIjnungRmHHRJIHRim P u Sl3 magnified moment M c = S ns M 2 to 


M 2 IBlRi3m[miB8R M 2 = S ns M 2ns 


■ S s M 2 s 1 RIHflia*H1BIRRtnBIBlRi3MMnii3UJtlIIi3UBR 


triHHnm iBiintuiiJtiiHHiaHRunninBiRntnBigiBiBiJBainMMMi tiaissHtotiHsmtnGtfi 

*J V mi V V 1 

HHtiHRtlJHItSI 
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1. Moment Magnification in sway frames using a stability index Q 


talnalSiB* dSc talfitifitsistui d&.m code HarmnSTMaHMMnalnain^aufliiJtii 

ct ct a l no tJ ^ c* U U ei 

nrSiatin non -sway TUMSmmnRSiSlmsUSn BiJHHtittinJUtinitlJri second-order effect HStS 

Li j Li vJ <2i V Cl 

tflti 5% IB first-order end moment 1 1HHItiritnillintilBIBlRaitJ^audtil non -sway {tlMSTO 


stability index Q IBlRl3MHfni&ll3I|fnHIB*HB13till3 0.05 

c M A 0 
VJc 

tt3cu I p= uBnumTiMiuialniaHratiiB 

U dj EuJ 1 c* l) 

V u = RHItifrifimHfjlS (story shear) 


(8.23a) 


A 0 = first-order relative deflection Jfnt3Snt3ttU BtiBiaitmHIUM^BIlJnraiUntlin V u 

l = niiiaraMHaniafniMamBlnairmaiiJtiifiariHmiuMnim 

C U n n Li 

Non-sway magnification factor lultUtfUR Q R 

^ >1.0 (8.23b) 

1-2 

isimtug ntiia 0.05 in|niuBmimiiiBiiBl second-order analysis Rimm:Rinfu$ifdRHlti 
rhtsj i milmmi^mnnTBiraniBJHiB^nRRnfiBintHfmiBjfmnaTaiuMHHti same sway 

1U l U eu 1 vJ y eu J 

A a ftitimiun wnfigntij p- a HiBfnnM|nn smtifjs i 

inniBIUntsl stability index Q method HISElJRtUlrfiJRfincn BtiMTfinMTmtfanilB'iriBntlJ 

p - a iwHHiaiBlTntiHimMMnainanmaiiJtiiriTSti ^ 

V U ct Li Li 

tilfiJitit) moment magnification method lijEdUltiRlS|i3uyt3ftJ “[HI U prismatic column 


mfmtnStdtilHtflStardrdntJtlJHIS slenderness ratio kL/rf itStilti 100 tfifilWWTUWBIUimHa 

c* HU u TJ u u 


TfiffnsnTtlD 1 1SiRDmnh unbraced frames ItlCUHlS slenderness ration TUUTlRTUIUltlim IHRI 

L»u Li ct Li Li ot y 

RRtimEUfiSnEU P- A ISltfUBHR Si3RintfltJRlHJffi: second -order analysis iuHTOStUtflS 

IS- d V J W u 

tugtitiimBiRMifiHtiia *i rijmrjiIrirhig 

1. HSlR first -order analysis UJtU lateral load ( H A,niTJB d.901) TRltpSURUSlitfltd 

i ci J i v Lm y n 

HP, A, IB'lRtitjtBR'lHUmB'lHtiS ItfimBinBRWBtiWBtilTRimtjl second -order result 

U L c* 1 61 1 & 1 Li 


TJ 

"VI 

2. IJURHlSnETJBI second-order analysis nR|tnmJ IlJniialRl3IBl*im|UmifTlRnBm 
relative side-sway resistance ISlRfci global stiffness matrix fd^UHRRSlRCTIfinS 1 
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dd stifiscitu p-a 

Second-Order Frames Analysis and the P-A Effects 

Second-order analysis lateral dis- 

J Li u 19- g) CU 

placement (deflection) ITJMMMI 1 1 SlintmnHBiHmfJfTimUUIBSlBtJnnJlH S s M s tslRti non- 
braced frame IflTfilflimSimntfimtftffiitsmtU fully cracked section tjlHffiSflfitB stiffness El 
UJUJRlRUBHn HtHtmmRpftnWflBmntU first-order analysis IJBBIj tuimfnfJfnRinBipj 
prismatic section R 1 BIRTUIMJI 9 Tti i mBRiflmRRntitatiiRtsinMMtiiiJtiiiriagRiuMHaRiaRii 
MaRtBITRiaiTR^auflMRIBlRatilBl* 15 % IBtlJBtitllMTtnUMMnBiRaiTR^aufiraRainnHHB 

n Li Li U (H O- <=« tu C3 U ct Li U in 1 

riuiri RiBtiw^naBinjiHiTRiuMHaRtiJtiiTRfJfnRTRiTMiiJtaRiBanaijinjitnTRiuMHamatii 

e» Li n LfU Lru U |J ct U n 

THfAJltiMij 1 TUMBIUHaRIBlRatTR^aufltiaiTRimtnBgtnHSRIRSMriHIlJtllfltnBMBRRaRlI 

Lru u nctUUeiiLi i ] c* a 

IfflR 10% IRTRiHBiRRlIRimBltilS 1 

LfU 1 n ^ 

Second-order analysis t^BtmiBSimnOTtitBfiBnW P - A IffllWRIMITMli itlEUJHTJmEU 

J ] m e9 Li u if- 

mfl shear deformation 1 tiBIB! IRHIBITURHlBRtlTBinilMItilRIIHimBlIlJimilJRaRIIMRn 

1) Li ^ | U Li ct 

HimBIMMITtmfraMITRia 1 ms MMiraRtifnRIlBBIBiRaiTRiaMnJUaHBTRfRIIRlfJfTlRraUIB* 

Li Li in 1 Li ot Li Liu 

t9 UJimtmititlllBjU (i kl u /r ) IJBBfRRBtjlti 100 1 




(b> idealized column between 
i end (M) floors 


Figure 8.13 Second-order frame parameters. 

riBmimMMnaiBiBisriitiiBR (* — 1) a a(/) islRairRiaiiJtiiuaicmBlRaiuB d®im 

tu V / V/ctLl l_n ~0 ot u 

MBRtjl lateral displacement HRUItn TJ drift IBltRiaBaBltiltiiinMBaRritlllUMMMnaiRanRia 

'•* A "vJl U 1 1 u Ct u 


fftimtimmtitf stiTtimrmmtmntirsrii] 

n n -v U t U 
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R x max BaMBHtsmHMMIUIUMHmm h s 1 Lateral displacement U drift 
Ut3§TH1SrmmragE3tljtimit3{lE3 umiailUlSmSiana 1 ttiSRlUlRtS lateral deflection HRHJH1 R 

rijJctU uv c^j ~\x in ct 

hj 500 1 titttSS fniMBRStURRinTSMlJM x m „ WfilBlBIBl* hj 350 Iffl fc,/500 iuEURRtfl 
frlHHRl fully braced frame HI BtiWISjU drift x max HRUJH1 IBllt3RHMl|RU3/i 5 HGtilti 1/1,500 1 
tJJMBIU x f til drift !Bl|RtiB}tilB i BayjtilRHMIUMMMIBimjSlB (i-l) Bti(i) ISlnH 
JUS d.9CTl a, IRHIGRJSRIjI horizontal drift MTB1UtilBRMH1H1TRIBlBl3R11IiatitmBtmBRHM 


h, JUfdtilS StiRHfdfdiH h, ITJWITRltiBitiHUl 1 

l n i U y 


X; = X n 


f 7 \ 2 

\Kj 


(8.24) 


IRHIBMltiufliniilRIIHimBllJBBiaiTmH: 

3 V Li 

1. IjSMffMHSRIRinMItRlti Bti stiffness El IUMflUJimRlH|UUnR|n!uitll 

2. RtUlBl drift (lateral deflection A,- ) St3 ultimate load P u ,■ IS1{Rt3R[U1 i = 1,..., n JUS 


3. RnilBURRHiaRIHgMUJnMHHtll Hj H H, = PjAJhj ( JHS d9CTl b) 1 

EU y l l l l l y 

4. UlBHRlHUJWBBWtnBIBlntitjtJTlB 3 ISliEb lateral load tfiRlNtilBltWlTR'lti 1 

o. tu u ct n U 

5. HSlR frame analysis UfimiTtJ RHlBRnTBJltiWMHTMtn 

6. Iterative computer program ttitUtjTJ stiffness El RtUcj] A,- 
HffiStiRiHHSnTIR Xj 1 

u m l m t 

7. TUMBIURIHIUM A, SltiHfd < RtHITJW x, mi3Hfd IBlMRHIBBBnjmRtfrnJTmflJim 

Li cu * (u t tj Li 

BtimiMRllRimBltilfiinniSTtinm second -order 1 THMSraBStiltflSiS IRTRJ run RhIr 

\J Li Li y ct L ry ^t. 

UJimniBHBBBfitilHBIBa modified stiffness ItnfitJnftfiBBWtnBniBtinJltJnJIRBlatnB 1 

W 1 W V U o 

lRH1BlTURHlBnnTBntill39l3HTRRnmtllRBntlI P- A IBlRtitTRlti side-sway 1 RH?R 

Li 1 eJ O M 6 > ct Li j 

SimsiiJHHlS Strudel, PCA Frame, STAAD Pro ,or CSI Sap 2000 StiRlRtitStSjR 1 


Ct.S. Operational Procedure and Flowchart for the Design of Slender Column 

1. RimRTslIRIIRltitnB side -sway RUHR 1 |TlMBIUflH1B side -sway R HfU magnify- 
cation factors 8 m BtJ 8 S ^ tUMBIUIRIBltll side -sway, fdSRtal 8 S = 0 1 HS1HHR 
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fjsfiBSfriR itfimTnnnBtmHWTjifi 

i u is- U v i Lnj U 

tltfiira m rB si h s mi n h Bti ? htor h r 

w. l m -v» 

^->(0.6 + 0.03 h)in. 



Figure 8.1 4 Flowchart for design of slender columns. 


n n -v> o / U 
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2. ft tin si y/ A sv B 8.12 y 8.13 stiusiuHfrsscutns k u}imi|uju 9 

&9l3 UfiJHfn I 8.13 1 FTfinSI kl„ / r S 13 H fUl FT Tal fT tjl fd fd J 3 TJWMII iti 1 TUMSrafJfJJ 
tflMWIliti ttnm kl u /r< lOO fflUlBl magnified moment M c 1 tISTOHR 
mmtifUSSfUfnS RndSItinJTlfTBnfdHHfU iBHTHimmMMItilMMIS I TtIMSra kljr 

ni u u- 7 J eJ ni u u 

>100 HS In second -order analysis 1 

3. HimmMMisMHHtin Flowchart tsinums uiJicnnfiunaigfnimmm i MHmi 

ru v ct v in ~o 

QltjlQHISlSlmiQtinQ la smslma flowchart 1 

ct 1 ct 

ti.90. MRpRfmmMMntufitJttntitfta 

Design of Slender (Long) Prestressed Column 
fifflUHttfl Ca.ki' Square tied prestressed bonded co,umn 5 x 3bays TufUJti 

minHtnHHRJHm (uniaxial bending) 1 Clear height JTJMflR l u = \5ft(4.54in.) WlffiflBSynl 
tnsmnyaayjssiasa sidesway is i usnsimyrlranttfi p u = 300,000ib{i,334kN) sUHHiaya 
tHtjnJffi Mj = 425,000m. -lb(4SkN.m)s^M 2 = 750,000m. -lb(84MN.m) 1 MfiJlfifUiaiHS 
mHMMi Ba!iJnnTSi3tntnBMTinuwn8[mtii8ii3iTmH: 

Li U 8 3 Ci 

1. nmnuanBaunuinin* itfimwBmtjini lateral sidesway t^cuimmcnnsTcu 

i run J n U 

2. 8UH1 sidesway wind effect UtifJjtnBUBmHHnJl P u = 24,000/Z?(l07/r/V) SilHHii 
mniui M u =220,000Ib(24.9kN.m) 1 USRRl3Hffitj1StSMMJSiaHfjlSi(?Tt3SllSlSR 
TP U = 4.5 • 10 6 /Z?(20 ■ 10 3 /t7v) 3USP C = 31.0 ■ 10 6 /Z?(l38 • 10 3 >t7v) 1 

270-K stress-relieved prestressing strand HtinBn 1/2 in. 1 tR§JSSSffiyGS1i3iyTlH: 

Pd =0-4 
¥a= I - 0 
¥b= 2.0 

f' c = 6,000 psi(4l.4MPa) 
f pu = 270,000 psi(\,S62MPa) 
f pe = 1 50,000 p.v/(l ,034 MPa) 

E ps = 28 ■ 10 6 psii^.00 ■ \0 3 MPcij 
s cu = 0.003m./ m. TSlintUtflfi 
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e ce = 0.0005 in. I in. tSlfCIClJ P e IgHiniWHSfTlH 

d' = 2m.(50.8mm) 

f y = 60,000 psi(4\4M Pa) MtjnmtiRRti 

flnTRiH9mR9BaifU3RaTHia samfHOTHtunamrj^mranarmaRSQtsInaras cJ.rt i 

U u ] Li Li Liu Li ] Li y c* y 

drfi/nt[tintff: 

s pe =0.0052in./in. ntiJlfRlH stress -strain iSiUS Ca.rl itiOJ {films 13 f pe = 150,000 psi 1 
{ftntijtiRl = 0.0\2in.l in. njUyGfTl itinj{?ilfnsi3 f py =260,000 psi 1 

1. MttnmRUSRgmni (gravity load only) 

i 

jJnRnSfijfdjWii no sidesway BtiBnjnRSRHRUItn (ButlS 1) 

UJimtmnuntiHBHIB sidesway B. tmtiCUn M 2m til M 2 m(3HfU luimiRmR magnify- 
cation factor fd{BTij sidesway S s = 0 ISl nllfdBfTlJ 8.15 1 fflHJEli: trial and adjustment, 
imtiJnBMBRHSRlRWMI BtilBRIIWRIllmH *1 titslSS imtiMlRflJTlaHSRlR 15m.xl5m. 

'■*> 1 O' O V W 1 

(38 1mm x 38 1mm) tiBUttlfTHBlRlaiUg Ca.9CS(a) lUimimatilB 

BCrniRSHtilRIMia = = 750,000 = 2.50m.(63.5mm) 

" n P u 300,000 v 7 

BnjnRSRHBfTTlRHUTIUm = 0.6 + 0.03/j = 0.6 + 0.03 x 15 

is- l m w 

= 1.05m.(2.67mm)< 2.50 in. 

tltslSS ran M 2ns =750,000 in. -lb tilHHti?lJflIBtiltiIRRl3BI[linH M x Si3M 2 IBllWMMn 



7-wire strands 

la) (b) (c) 


Figure 8.15 Proposed column section geometry in Example 8.2. (a) Cross- 
sectional details, (b) Strain distribution, (c) Stress block and forces. 


fftimtimmtid smanvmmmndrmd 

n n -v U t U 
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HniimsninnSmiJniTHiiTtfMTinuMMiSMHHtii (tjims 2) 

t % Lju U U cu V 

H chart ISlfitiJtJS 8.12 (b), k = 1.45 Si3 slenderness ration Pi 

C* V V 7 

kl' 1.45x15x12 con 

— - = = 58.0 

r 0.3x15 

ttfimrmj 58 >22 in < 100 IftJ moment magnification method 1 1tllUtilS 

E c =33w L5 ^f^ = 33xl45 L5 ^6fi00 = 4A6xl0 6 psi(32-l0 3 MPa) 

I = 15 ( 15 ) = 4,218.8m. 4 
8 12 

E C I 1 2.5 4.46 -10 6 x 4,218.3 1 

p / = 2 — x 

1 + J3 d 2.5 1-0.4 


mss 


= 5.34 - 10 9 /Z?. — m 2 


(kl u ) 2 = (l.45xl5xl2) 2 =68.1x10 


3 • 2 
in. 


P c = Euler buckling load = 


n 2 EI n 2 x5.34-10 9 


(kl u f 


68.1 - 10 j 


- 773,132 lb = 773. \kips(3,439kN) 

C m =1.0 fd^HTO nonbraced column 1 fdSfi (j) = 0.65 1 ISlSlffitiWlS 


Moment magnifier S ns = 


C„ 


1.0 


1 - ^ 

0.75 P, 


1 - 


300,000 


= 2.07 


0.75x773,132 
Design moment M c = S ns M 2ns = 2.07 x 750,000 

= 1, 552,500m. - /Z?(l 84 kN.m) 

P n = P ^= 30 Q Q g 5 QQ = 461,538//>(2053fc/v) 

M n ttitUfSiffni = 1 ’ 5 ^^ 00 = 2,388.462m. - \n(29\kN .m) 


SCUTIRGR e = 


0.65 
2,388,462 


= 5.18m.(l31mm) 


461,538 

fdrfppUPfflfdfdfSnltffffll ( equi val en l nonslender column ) ( th/PS 3) 

fdfdJfJHHtUIRllS nominal axial load P n = 46 1,538//; Sti nominal uniaxial moment 


HUjUJHl M n =2,388,462 in. -lb 1 

tBHJMRJIPmnSI equivalent nonslender column, IffilimRJllfnPiHgmfifdfiJntltUtnSfdSfi 
15m. x 15m. lUtUUd 7-wire stress-relieved strands l/2m.t5SS5 ISltnntaSHffiOrafbHS 

U n w- v <*> u i 

sinnntituTfdmsisliHmtiEfi tirnrnniislmagsitdinji d^iisis 

U rJ V -o <=* 
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A ps = A' ps = 5 x 0. 153 = 0.765 in 2 (4.94cm 2 ) 

Balanced Limit Strain Failure Condition 

d = h - 2 = 15 - 2 = 13m.(330mm) 

d 9 BtiUJlHIItU trial and adjustment JSISfTHfdHfTjmifTttlflJ 
MHtMUM|jnU balanced condition RJHISmHq, = 8.3m.(211mm) 1 ISIS 
a b = P\ xc b =0.75x8.3 = 6.23m.(l58mm) 1 


nras dm 

v 

C cn = 0.85 X 6,000 X 15 X 6.23 = 476,595/^(2,1 \9kN) 
nfdHfTIJ 8.5 


T\ =0.765x28-10' 


0.0052-0.003 


f 8.3 - 2^ 


v 8.3 J 


-0.0005 


= 73,3 1 8/Z?(385A:7V) 


nfdHfTIJ 8.6 


7j,„ =0.765x28 -10' 


0.0052 + 0.003 


03-8.3^ 


V 8.3 j 


0.0005 


= 158,482//?(704/7V) 

nfdHfTIJ 8.2, fd^HIUmrid “balanced” strain limit ( cld t =0.60 ) 


P = C — 7 " —T 

1 nb '*■' cn 1 sn 1 sn 


= 476,595-73,318-158,482 
= 229,3 10//>(l, 020&V) 


nfdHfTIJ 8.7, fdjJHlHfTJtlJl “balanced” strain limit ( c!d, =0.60 ) 


M , = 476,595 


15 6.23 


= 73,318 


\ 


— -2 
2 j 


-158,482 


13 


-1 

2 j 


= 2,103,124 in. - lb(237JkN.m) 

= — 2,103,124 _ 9 Alin.(233mm) > e fJlfitfdi3= 5.18m. 

P nb 229,310 v 7 

tdidJininarmaiiJtiiJtinBmiJtiiHiBBiinmSnntiBatnmflimmitdtiRi until & = 0.65 tiBfnitdBtn 

u i u if- v n < v -*• 

IdBflfTHWHfTIimn c = 12m. 

n \j 


a = [5 x c = 0.75 x 12 = 9.0 in. 

nfdHfTIJ 8.1a 


n n Li / Li 
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C cn = 0.85 f' c ba = 0.85 x 6,000 x 15 x9 = 688,500/Z? 


nMHfnj 8.5 


T' - A' F 

M sn ps ^ ps 


^ pe ^ cu 


' c-d ' ' 
l c J 


= 0.765 x 28 10 c 
= 68,544//? 


0.0052-0.003 


12-2 

12 


0.0005 


nMHfru 8.6 


T = A F 

sn ps ps 


^ pe ^ cu 


' d-c'' 

l c J 


= 0.765 X 28 ■10 t 
= 127,449//? 


0.0052 + 0.003 


13-12 

12 


-0.0005 


nMHfflJ 8.2 


P =C -T' -T 

n ^ cn sn sn 

P n ttiEUHTSHIS =688,500-68,544-127,449 
= 492,507//? > P n UJUJfgtffTU = 461,538 lb 
titslSS IffitidStSl trial-and-adjustment tjSHJ 

V £D J i 

MBHfiHMHmimfl c = \l.2in. 

v^> n +J 


a = fiyc = 0.75 x 1 1.2 = 8.4/«. 

C cn = 0.85 f' c ba = 0.85 x 6,000 x 15 x 8.4 = 642.600 lb 


T\„ = 0.765 x 28 10 e 


= 69,309 lb 


T sn =0.765 x 28- 10 c 


0.0052-0.003 


0.0052 + 0.003 


11 . 2-2 

11.2 


13-11.2 

11.2 


0.0005 


0.0005 


= 132,421//? 

P„ ttiCUHTSUlS =642,600-69,309-132,421 

= 440,870//? SCin:tE3CU P n UtaJfStffTlI =461,538 lb O.K 1 
lultHfiTU moment capacity UJUJTfifmn mnRaimafintSHtiUtiHIUMRHMHSrnHinti 

1 J At Uu vJ u i n i 

mfinnMromnsMmSratrajfiti p„ tarnim! sia p„ tticumtsms i 

ct 1 ot u At Ud At 
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nrjHfnj 8.7 


= 642,600^y - - 69,309^y - 2j + 132,421^13 - yj 

= 2,467,696m. - lb > 2,338,462 in. - lb(678MN.m > 250 kN.m) O.K. 

e = 2 ’ 467 ’ 696 = 5.5 » e tiimrja = 5.18m. SStUtlJRtnS 
448,870 


E3t5tS8 SSCUffifiHSffm 15/m x 15/m til HffiSti 7-wire stress-relieved 270-K strand fitifiBfi 1/2/m 

v v l u n is. 

GSS 5 1 USldHR MRflRlUlSlttlRma (transverse tie) 

itinjtntnti i 


2. Mttntiuafigmm aiJUSfiSJtU (gravity and wind loading [sidesway]) 

i i 

n^[uni|fmtiJQanGS i itrkams 

P„ = 773,132/Z? Sl3 U = 1.2D + 1.0L + 1.61¥ 1 tt/Stll U = 0.9D + 1.6W ( HSCUU) *1 

G l 

P u =(300,000 + 24,000) = 324, 000/6. M lb = 750,000m. - lb StiM 2t = 220,000m. -lb 1 

tnnnanjtsl gravity moment fnimiHHtimBHtlHK 

35 35 / 

, = , = 71.4 > = 40 

P u 324,000 r 

ff\A t V 6,000x225 

titslSS gravity moment M 2b HBtftfmJHthttJIBHtB 


nrdHfnj 8.16(b) 


s. = - 


1- 


1.0 

ZP U 

0.751 P, 


1.0 

4.5 -10 6 
0. 75x31. 010 6 


= 1.24 


nfdHfTIJ 8.15 

M c = M 2ns + J s A7 2s = 750,000 + 1 .24 x 220,000 


= 1,022,800m. -lb 

P n fill = 3 r = 498,462/6 

M„ UJtUfftfmi = 1,022,800 = 1 , 573 , 538 m. 

. « 1573 538 , -o 

B tun m Si e = L — = 3 . 1 6m. < e h = 9. 1 7m. < e til ftt Pi5t3 = 5 . 1 8m. 

* 498,462 
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yt5tSi f TE H ?i HI S initial compression failure 1 EUltU M n - 1,573, 53 Sin.- lb 
<M .= 2,388,462/n. - lb ESlRiimmS 1 1 

ll 7 7 c* 

EURStmMTmumnris 2 EilEUtflS sidesway HfiEUiJ, 
fdllfitlEtlEU 1 HHtiRTHlfTlJ HIBRtHnBtiiaHHtiMTinURIimB 1 ItfimBIinintlfiRtnBfitHfiB 

n v Liu n cu u v Li t$. cu v 

tfltimimg I to? *1 tiGESS SSfllffiRHSmEitiGRitljis I R 15m. x 15m. tilHffiSti 7-wire stress- 

v w i v w 

relieved 270-K strand HtifiSfi 1/2 in. GSS 5 IBlTtii3BHm5IBltillJtlIlBlTMUBtiHRinJlR1 

n u- ti U i u &> Li xJ 


tf.99. Ht3RIt3fniMt3Rlt3fnjnRfiigM 

n n 

Compression Members in Biaxial Bending 
Ca.99.fi. Exact Method of Analysis 


A 




Figure 8.16 Comer column subjected to axial load, (a) Biaxially stressed col- 
umn cross section, (b) Vector moments M a and M w in column plan, (c) Neutral 
axis direction. 
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MMrfiJniiaIfnBTtiaiuMHmitilHaHiarniMamiJtiiTTinDHgtifninHrilBMmnttiaaHm 

Ui n n U J tJ 

x sanm y fltsuiiirmalnaiug tf.Sen HHtinnnigMiBMRHinaiiJimtmiuaRHaiMmialiti} 

^ V Ln ~0 c* V TJ -in vtct 

1 1 

Itjjalnjl (bridge pier) 1 fi3fi3JmmSgJi3SfHHi3 M^tBjU 

sanm x uJtmnSfranjnmln stiJtasfHHti m vv infuaaiim y iflniuiSnBnnmSn e r i tit? 
ia* HmimnMmaliwnmmrgmiJtiifitnBH 0 tiiHmaanainuJn i 

O <* U pi i u <* 

i 

H 0 HITtiimBti interaction IBHHfinRIBtUHRIBltiril tfiHmatiBtmaTJBRMJU P, 1 TR- 

1 U u i_J O U -in \ W l_i 

1 

anttiliamiMaR (compressive area) ISiRaHBmRfdfdJmGHISSTHatLmHmtiBUaiCmsiRmug 

mj -in n XJ - y ct i U v v in a, 7 j 

d9S (c) i iihmwiiMMiinuiBstRitnannnnriiffitiiRiiimgHm iRHamnlljittfiBimtM triai- 
and-adjustment I SlintUitiEU compatibility of strain jjh'j til S i fpl i Si pi 13 jp U S ] m 13 H fij i U cd i u n 

njpa i intRimimimmaiuiaHiBjR itfimrmiBtntiiuM ytiHRjimmtBn saspjararj^RBji- 
itiiaRiiMtiRiuMraRainBHiaBTHtiuBSMm *i 

n i U w i ct 

ras ca.Gjfi uaifTiriRiinTiJimmTHUTHtiinaititu aanairnriRinaialitiiHSRiRMMi 

V in ~o Lj Li Liu U in -o iu 1 

BRIRinJltaltiTJBRniHRn G.tilBTtlfiBHBTRBriltiMaRIUMraRa ItJtUBIBRHIUJlIBx. Stiy r 

] -in O L Lj ] *✓ Li vJ <ii n i y L ^ C 

RHRJ [UlRRIHHRj x S tty UjfciRl *1 G st (resultant position) JUMRHiallJRialRa 

IR^ttiiaRiiBimiJtiimBBmaRHniJiiax^ atiy s , nHRjmRfriHHRjx say wjami 

nfjHmjcusatsRHiagiaRa sasianni 

cu ct Li 

P n = 0.85 f' c A c + F sc - F st (8.25) 

itfcu a r = TRBriltiiaRUBMamiJtiiTnuiJimuiiJimuRRaTfnaBmRiim 
F sc = RHiatiUITJWUjRWan (I A' s f sc ) 

F st = RHiatimuMuJRBini (I A s f st ) 
oijRi nMHmiEusmsHHasiami saHHasiauni 

TJ ct 1) ct V Li 

P n e x = 0.85 f' c A c x c + F sc x sc + F st x st (8.26a) 

P n e y = 0.85 f' c A c y c + F sc y sc + F st y st (8.26b) 


inTRfMBRBinaraMHRi[ijima1naRiiwin[maaHm5 tt^tnRarsriait3ciJR[ifisii;slRait3RnTaa 

L»u Oct Ed u l Li ct Lj 

BHmSHIBMHR'lItiBBltilTR'lH 

u V Li 

/,, = E s e si = E c e c Si < f y (8.27) 

c 
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Figure 8.17 Strain compatibility and forces in biaxially loaded rectangular 
columns, (a) Cross section, (b) Strain, (c) Forces. 


Ca.99.8. Load Contour Method of Analysis 

n u lJ \j u v i aa 

Myy rmrarjl circular reinforcing cage lalntiHSfflHfTin M [HI U fii fiiHSl [n 13 m G $ 13 1 UialS 
imTMHBtiwninniiiiMiJRtiiainianinjifTiniraaiBi'JSMnrinimmititaiBtmiJtmtitatiiHiiJimfTii 

U n n Q CTW-ct U \J \JlJ & 

ntfintifi )equivalent uniaxial moment) 313 

QOmRBfiHtlJSMfiJHHCU (equivalent uniaxial eccentricity) 1 USIUHR IRHIBWnflHimB'lHSfTin 
MTHiumjnfiHffiSfij ( SammfununmmiSmamutsiss) iSHTBUBtaHHtirinriigMiHHim 

U it v U ctuJ EaJtj ] 

tfimnitii 

n 

IBmmSSntmom failure surface Bsriiqj failure planes 
Bresler-Parme contour method 'llntBofnK three-dimensional failure surfaces iSl nfcUiJO d.Qd 

Ct V 

tntintHItjI P n iljHjegtUfilS interaction plane iutUmiisl3Sl3/W ;!x B13 M ny 1 Hj'illlniiSjR 
contour surface S ^ttiima!lJWIHUtTltliafraMinUM!8nfTlt3 load contour 1 

uw-vLjw U ,\ ^ 

fdHfilJrflS81Fi91Sl (general nondimensional equation) hljdTIU load contour IjjTIHHtn 


namtsi p„ r 


f 

V 


M, 


M 


ox J 


a 1 


f M ^“ 2 

1V± ny 
\ M oy J 


= 1.0 


(8.28) 
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tt3W M nx = P n e y 

M ny = P n e x 

M ox = M nx tpaugn?nHHRjP„ ttSCU M ny y gjt =o 
M oy =M ny [Ri3USR?nHHRjP )( ttiCUM, !X tJe y =0 

HHi3M 0X Si3 M oy (required equivalent resis- 

ting moment strength) IGjtl HR] x StiHRjj UjtiRl tocq Sti a 2 tflSSfdjstom{WffiSi3ril3 
RJQdHT[RH8RlR RIRitmtiR S?flt3JtJratt3R StiRtiyntifdB'li: f' c Si3 f y 1 



Figure 8.18 Failure interaction surface for biaxial column bending. 


iRmtsfdTHEUfdHRii tf.tacj i tin munis wt SRHfn irntfimumtumRan B MTHIUHIH 

Liu U iJn ^ v- | 7 Li cu 

USRRIHHRjnifiJfiJP,, Bffi totitmnjTJ M nx / M ny RJHlSRiHy'GRlStitaCUiRjtJ M ox /M oy 1 Rli 

rj[Htumms§si§jiRtns 


(M n f 

a 

+ 

f M 1 

1Y± ny 

M 


M 

V ox y 


\ °y 7 


to a = log 0.5 /log /? 1 JUS Util CJ ntiJlffTlH contour ABC nfdHRIJ 8.27 1 

W{H10R1iMRj1R[UlSl. tRRRlSj contour tilUS1R{Rl3 AB Si35C ttiimRtH(UtmR{UmitlJ 

itiimiRintiMtHtiiMHfni 8.29 tfiniRion: 


fftimtimmtitf amamTmcmmnarma 

n n -K> U 1 U 
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1. rJ|H1UA5 I0ll£lHJltiHJ M IM <M nx /M 


M, 


M 


ny 


M, 


M 


oy 


I zA 

P 


ny ' oy 

= 1.0 


2. fdjWii BC ISltCltlJtlJtlJ M IM >M nx IM 


M 


ny 


M, 


M, 


M, 


1 -P 

P . 


ny ‘ 

= 1.0 


(8.30a) 


(8.30b) 


ISlRDMHmjmtinJSimtmSS (actual control- 

ling equivalent uniaxial moment strength) M oxn U M oyn tih 13 1 Uh G llhl £d j]n f £d H B Ehi Si S (3 
required controlling moment strength M ox Sl3 M oy i S BS nl §3 fii hi h u tUi chi J hi 1 



Figure 8.19 Modified interaction contour plot of constant P n for biaxially loaded 
column. 


Li 1 1 Li »tct U Li l ] 

film? puituiMsi) b/h i islntimomss mmhW{HEUfi3BfriJ 

8.30 tits81i31{filH 


1. fd|HTO 


M 


M 


n y > b_ 
h 
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.. .. b l- P 

M ny M nx 7 7 = M oy 


h P 


. M 

2. fdjWd 


ny ^ ^ 


M nx h 
M ,ix + ^nv ~p ^ = ^ox 


(8.31a) 


(8.31b) 


Controlling required moment strength M ox tl M oy hi ]W\ U fd i fd Rfl fi tin SI H 8 nl fi btil fit Hi ufUG 


tinatPTntiGtciJTiHmHsniann^cijnciJiFitsIntiraHrnj 8.31 1 

i i 

imtmlmmmslfitiras dtao mimmtSwfiwtfmamilfriEi sUMnnEituisirdfiin film? 

UULi ct jj ctU ' ct <J 

l l 1 

HR mmijStinffitri modified load-contour ISlfitifdBfriJ 8.31 till fsfdfHTOfi [U1 fi equivalent 
required moment strength M ox St3 M oy fd{B1fiMfiflEidilSlfdfdJ |!JMSraJlJl3fiH1l3?riHSri3Hffi 1 



Figure 8.20 Contour p-factor chart for rectangular columns in biaxial bending. 


smanvmmmnarma 

n n -v U t U 


565 


\r.Chliay\ 



Htm1sjicijrafij(uiam!cij 


NPIC 


Ca.99.fi. Step-by-Step Operational Procedure for the Design of Biaxially Loaded 
Columns 

x Si3Sfi3 y 

* Un vt u w * Li Li i u v»ct 

1. Pi [in SI uniaxial bending moment 1 

MBRRIHJTJM interaction contour factor /? PSliSPSIS 0.50 S130.70 BtititmBtmnM 
h/b 1 tinnnjUlB*H1BmBlitH|TlUTlR|TlItJltlIBl3 M nx /M ny 1 PtftmPftJfdHfm 8.31 

R [in Pi equivalent required uniaxial moment M ox U M oy 1 jjjfdSrd M nx K til 13 M ny 

ran M ox fj^Hiufmpmnsi ststimHfilni i 

2. MBHHSfnHMTHIUMMI BtititlliatmiJn >o = /?’= 0.01 tsl 0.02 IBllWTtil3BHm9IUM 
|tit3mt3nnt3mpUSl3HRjfSmrnfimfj equivalent moment nmftiUJBtjlti ^ TJSlUHfi 
iiSMnMHsmnfiuaiuMiiJR BaitifatiintuafTinP- iBHsmnMMiiiJtiiMBR i mthiu 

Li i y d* \ d* e? H ] ~t> Li 

miMRnRiiiiBiiiJtiiinBtiiimiirimitiifn imrumHiimfiJRuiiimmiJBmiBlitiiTtiamtJUB i 

O 3^-oU n u ca U i u 

3. Pi tin SI actual nominal moment strength M oxn PdjTRU equivalent uniaxial bending 
mjUHfy X tsltncu M ox = 0 *1 Jl[RjH1SmHtiht3i;unB[inifjfdHH[lJSt3 required 
moment strength M ox 3 

4. Pi tin SI actual nominal moment strength M oyn Pi3[HTJ equivalent uniaxial bending 
moment IBjtJHRJ y ISllCltlJftitll M uy = 0 1 

5. non Pi M )iv PtJmramcu M nx /M oxn BtifitHAimnjjti 
/nsras ri.tao i 

' V 

6. HSffi trial and adjustment PChRSPlJ UflHJTn§BfitHMBR B TUMBIURtH M„ v llJtll 

in J n nj -^b 7 Lj m riy 

sstutnsnmramcutelms chart RStfltifitH required M„ v 1 HSffitkniSPSStSTi3lm 

u v- v m 1 riy in vJ 

luifitinifitHiB M I1V spiBpiPn pnmtu:mnrifjm /? utTifjmHsm?i i 

v cu riy ct £u n ' £u n l 

7. MRfIPinnSTI lateral ties Sl3EUHPiHSmfi 1 

Flowchart PdTHltj^tniSotJi3Pil3PnJR[inPiPiPH controlling moment [SlPiR biaxially 
loaded column ]1nftnS§jPSlni3mS ri.ta® *1 
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Figure 8.21 Flowchart for evaluation of controlling moment values in biaxially 
loaded columns. 


tf.9to. miritsiJtinifitifnjwnnRtuimHsJRS 

cj u in 

Practical Design Considerations 

HSlRSI 


Ca.9lQ.f1. ttJfmttlJTltU tJttJfltH (Longitudinal or Main Reinforcement) 

Rl3Ttnl3TUM9fTinH13THig1nl3raHl3ia1nl3Hl3HIl3fniMl3mniRl3Tml3HaRintitill3 225 psi 

lUUcs eJ cti ctri nUiU u v 1 

(l .55 MPa) 1 RfHjRWUM code RimRtitmnjUIlJRHUJUIHlIUnnni^JHaRiaRlIMtiRIlJtllltJ 


Hint rum watt stutmvmmnmarmti 

n n -K> U I U 
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RtritiinjfitiTmtifiB st3HistitumtmE3nHsrmmnt3rmt3HmurHii% i 

6U Li 1 Li d U Li i Li eJ 

Ca.9l£].S. (Lateral Reinforcement for Columns) 

C 0 . 9 IQ. 8 .I. ttiRBtUltiSIti (Lateral ties) 

lateral reinforcement iuBjnUCTIJ spalling JUfj concrete cover tJ local buckling 
rawitiRtmunm 1 itiRnftkgnmRfHissTHitoi ties it3tunti3itiJijfiffiijisigiMfnHRHfjrafjfi3fi3j 1 

n Li Liu Li U cu n 

ifltmmunmiiJnitnBntiTiRritn 6m. mtRftnBBuuJim lateral ties tiButtirniBlfiaiuB d.toltn 

n c^uLru V in -o v 

tnTHiHBiRsnHimwRiiimiimmsitJiTRiHMTHiuRinTSMWMBiri BtiRnnmuM ties: 

LfU in U U U 

1. BtniUMItJRBIlilia UttiniRti (tie) HS|RlRt5tjll3 #3(9.5 mm) 1 

2. RnJlflUmTJMTtnU tie BSTRltitilil 

cuJ U Liu 

(a) 48 tiiaiBHtinBfilUM tie 

(b) i6tJtiiBHanSnraM!iJRm[iinm 

v y n 15- n 

(c) BtnBltiRBtjItilRIUMMMI 

ras dtola uuirnnRiiRntu tie MTtnmtiRuinjnm 4, 6 sti 8 isiRiaHgRiRfjfjj i 

V ui m U U n <=* i 


(4 

^ 

* 

=J 


(f— 

=Sjt 

P 

A 


=J> 


(a) (b) 

Figure 8 22 Typical arrangement of ties for four, six, and eight longitudinal bars 
in a column, (a) One tie. (b) Two ties, (c) Two ties. 

&9I0.S.2. itiRRtifCUl (Spirals) 

|UIRSll|ji31SjRJt)fj lateral reinforcement R spiral U helical lateral reinforcement yts 
mncmslRmus d.lam i Spiral mBnimntiBniMMRaRiiuiSB ductility u mnlaiuMHan 
flBlBJimM^nTU spiral WTHIUnUstamnnHBWmmtJsW 1 tflBIBl raRtifitiEUnStjIni 

U tt JJ U 1 U U c* n u 1 0 1 m 

confined core laMMIUJUintStittfim spiral H1B spall ITR1HH1C1 lateral force BSRHR1 S13R1H9 

Li a *- Li tu 

tiBtjiRtntiirnmtJ ^ fdfdJTRlmscusRinstjscuslftJSRRiRirastJsitjnraRliRijmj spall iBht 

V m U* Liu e» <* Li 1 1 E-J 
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fnjmjmjtJtujcuHmj i titsiBs iRTRfwnimnjimHtirm siastrijura spiral iBHTinntuafnnTguan 

X) y Lru O a &J vJ e» Li <* 

mnireaiuMMMi imsu^nmHninsniiuammistsimuuiasmiJim i 

Li Li 8 a <ii Li ct 



4 

,1*1 


Figure 8.23 Helical or spiral reinforcement for columns. 


Spiral reinforcement iuC0HlSftfinfiB?i9t)ii3S ultimate -load capacity njfdfdfiJl 1 in [fu 
t^fiJUfURtUlR (spacing tJ pitch) Jilfj spacing iuBjcjj load capacity ttjEUTJIS Cl confining spiral 
action mt3StistlJSl3mJWRUtiH8fTlRra?1i3iJJltIJfiriJ spalling 1 

Itftm^TfnnRaimtataWMMtiltJWUniTltliri confinement iMStimifilfrati capacity 
till ffi fin J spalling ItntlltJmcUiHntUlfiJfRfnn 1.2 tmtisscutnstlcuttijtj spiral reinforcement 


HUJUItn 


Ps =0-45 


1 

J 


11 

fsy 


o . volume of the spiral steel per one revolution 

iuiEU p = 

volume of concrete core contained in one revolution 


. rdi 1 
A *=^ 


A = HanSmuMMMi 


= fR9pttiH8fTlHIHM spiral 


(8.32) 


(8.33a) 

(8.33b) 


fftimtimmtitf stirtimrmmirmtirmti 

n n -v U t U 
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d b = nominal diameter JUfj spiral 

D c = (concrete core) tonnnitimaitfillUW spiral 

f sy = yield strength Jtlfd spiral reinforcement 

iuHjnanfi pitch 5 raw spiral, hiuibi p s 8.33, i^wnwHanSn d b 
M|jnn spiral, RtUlSI a s StiUSIUHRSSEUtnS pitch b UfimitUWHfTlI 8.35b BltilffTlH 1 


imnSMIIMItitmtijn spiral reinforcement p s SQ81t3t[fTlH 


Ps 


a s*(Pc-d b ) 


[kI\)d] 


titslSS ifiSSCUfilS pitch 

?] 7.1 *- 


„ _ cpnjflc - d h ) 
{n!\)D]p s 
4a s (D c -d b ) 

Dc Ps 


(8.34a) 


(8.35a) 

(8.35b) 


UjBfflmmsntmnU pitch rani spiral MHIBlBIBl* lin.(25.4mm) tsl 3in.ij6.2mm) 


itjiffiHafiBfIHSTRiRQtjiD 3 /Sin. {9. 53mm) 1 inrnfUTmMtffllaiUTltinniMHmflnBS TUMSraifi 

n IS- Liu u v 7 Lru U W- u 1 CU U 

HSifUROntaJli 1 


Ca.9l9.8.3. WnjlRfinm Spiral Lateral Reinforcement 

Qmtmnfica.m: WnflfflUlBl lateral spiral reinforcement M|jnUMMnUHl31|URl3tml3HWIlJtlI 
tflSHpfiBri li = 20//;. (SOSmHi) Si3 clear cover d c = 1.5m.(38mm) Si3H1S f y =60,000 psi 


( 4 ] 4 MPa) 1 

fitamsitmtn: uJimiftiMHmi 8.32 


p s i£lcu|R!fnj =0.45 


A 


— — — 1 

A. 


A 

fsy 


iulfUipU spiral #3 luCUHlS yield strength f y =60,000 psi IffiUHlS 
clear concrete cover d c = 1 .5in.(3Smm) 


= 60,000 psi 

D c = h - 2 d c = 20.0 -2x1.5 = 17/«.(432mm) 

= = 226 . 9 Sin 2 

4 

A g =314.0 in. 2 
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A =0.45 


314 

226.98 


-1 


4.000 

60.000 


= 0.0115 


fdjWii spiral #3 . a s =0.11 in. 2 1 tiBIBMtiimilJJMHRlJ 8.35b ItUtitilB 

. . 4 a.(D c -d b ) 4x0.11(17.0-0.375) . s 

pitch 5 = — 22 = — L i = 2.20m.(56mm) 

D;p s (l7.0) 2 x 0.01 15 

UBI38 ITU spiral #3tilHffiSi3 pitch 2 ' in. (spiral HtiRtlfi 9.53 mm tilUffiSti pitch 54.0mm ) 1 


Ca.Qfll. Reciprocal Load Method for Biaxial Bending 


‘JSlBSTRJtnBUlSmfffauJimBressler llSlB*fnU9BlR9Bl3lfU3HIHUBRmHHmilJtm3ti 

l-»U n vJ M- w & 

tilSP,, !9lBl3HIHUltill3l9tHIlJtlIreciprocial Ifflla failure surface 1 MBH S, tilRHIltfllB XSl 
IW failure surface IS JUG tofitHIBUBR St3t3CimnBfiTj1 P u , e x Sti^ 1 JUWBIU S 2 til 

B [UlUt Si ItU compatible reciprocal surface IfflBtiHIBlntilUB tf.QCa ISIS S 7 BtiRimfiRHIltfllB 

1 A A c a i) 

IBBIUlBIBIStil 1 IP U . e x Si3e y = </>P u ItJUItilUBRIHRIUn 

JUMSIU desired axial load P u % |R1H biaxial loading IBjUHRJ* SUHRj y JUlSIRSU 


iGisumu p u toSjuJim p uy , p ux sti p uo tsii 

1111 


p p 

ux uy 


u 


1 _ 1 

K Kx 


l 

ffinyo 


1 

K, 


(8.36a) 

(8.36b) 


ItitU P ux = <!)P nxo = design strength IUMMMIIlJllIUlBU[iniR|R e x tJJMBIU e y =0 

P uy =(/)P nyo = design strength IUMMMIIlJllIUlBU[iniR|R e y ftlMSIU e x =0 
P uo = (/>P no = axial load design strength 

H 1 HpMMpnUMMIIlJllIUlBB[linRSRe x =e y =0 

M [U . = HHl3mjUHRjx = P i< ^ 

M uy = HHtiltajUHfy j = P u e x 

e x =BIiniRSRflMtMtUBlatiHfy y tiBIBlRtilUB Ca.bts to e x =M uy /P u =P u e x /P u 
e y = QnUinBmStUfirjjhimsIsaHRj x = P u e y / P u 
jc = BiritoH8R1RMMlllJtlItMtTIBlBl3HRJ x 


y = 9inraMH8R1RMMIItJWtMUIBlBl3HRJ y 


HtimtirntMtid amarnTmcmfunarma 

n n -v U t U 
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Pn 




(b) 

Figure 8.24 Failure Surface Interaction Diagram (Ref. 8.11) (a) Biaxial Bending 
and Compression, (b) Biaxial Bending and Tension. 
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tf.96. Modified Load Contour Method for Biaxial Bending 

8.32, Hsu strength inter- 

action diagram 3t3 failure surface IUMMMnURl3innHIl3nBRClIBM tiBlBlRtiJUB &CT16 llS 
ISSRtitsRlSti reciprocal load method ?til flBlHmiBJfniRnilBintitillilSrintiltilBlR 1 

V <=* A TJ xJ U 


MHfnJ interaction M|jnUUBR BtiHHltaRIBjuatiHnjrilR 


P — P 

1 n 1 nb 

P — P 

V 1 no 1 nb J 


M, 


,1.5 


nbx ) 


M 


,1.5 


ny 


v M nby J 


= 1.0 


(8.37) 


llJtll P„ = RtntiMtiRRIHHRt nominal (ItiHIS) TJRtntiBlCTl ( HfrjtflS) 

1 1 etj n O t* -va cu -o cj- 

M nx , M ny = HHiinfi nominal mjUHRj x Si3HRj y Ujt3R1 

P nn = RH1i3ftfi3R?TlBHRl nominal HRtJJHI (ItiHIS) BRHItiS'liniR'IHfffil ( HltiHlS) 

nu tun O w-'vAru'oOw- 

= 0.85 f' c (A g -A st )+f y A st 
P nh = RHitiMaRRlHHRnrmHninsnil balanced strain 

nu eu n \J U a a 

M nb x , M nby = HHtiRR nominal IBjTJHRJx StiHfijy IljtiRl IffflHUJRSIUl balanced 


strain 


IRHIBBBWtnBRIHIUMMlBfTiriUItHUtHtlinanimRP,^ Si3 M nb n 
P nb = 0.85 f\. P\C b b + Apsf' ps -A ps f ps 


St3 


M nb = P nb e b = C c \d - 1 - d” I + Cfcl - d'-d")+T s d" 


(8.38a) 

(3.38b) 


to a b =RHMIUMURMHHtlI= =(A ps / f ps )/{0.S5f' c b) 
a = [3 x c 

f'ps = Ri3lR1i3IBiRl3!lJRIi3rniMaR!lJtlIIBllRJIUBRtill3IR= f py ftJMSra f ps > f py 

t. = RHiaiBlnaiiJnBUaBim 

■> (II «=* -Si 

Step -by -step operational procedure 

MTinumiMRnRimBlMMIItiUBRniBMHBjRIBiRlHfilimifTinBiRtiBimB 99.R 1 

U xj 1 6~1 ct 1 

‘JSiBJBIHBlimi RnnB1RBnl3RiniJl*TtmmMMIIl3HMlBM 1 

C* Ll 1} 

Ca.96.fi. tlifiSItifiJItntjfiJfUJ (Lateral Reinforcement for Columns) 

^z/7//z^^*fdSRH8mRrdrjrBinrrirfmslRt3gmuiJ[ifi ts.b tfiMMistoitiBHaniSM irhs 

^ 1 U ot cu V 


n n -k> U 1 u 
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HIS sidesway 1 

M ux = M ay = 825,000m. - lb(93JkN.m) Si3 P u = 300,000»(l334 kN) 
m§j: f' c = 6,000 psi{4\.4MPa) rafitiSHSHHfri 
f pu = 270,000 psi(m3MPa) 
f ps = 240,000 psi(l565MPa) 

H8fflfiTR!tnsnTSt3tilHffiSl3 7-wire tendon 1 / 2m.(l2.7 mm) QSS 5 tt3tU§| tendon 

lU^Uu nu. V/w 

wratiss 16 1 

i u 

diaimitmtn: 


P u = 300,000/£>s 

M ux = p u e y = 825,000 in.- lb mjHStiHfij x 
M uy =P ll e x =S25,000in.-Ib mjHStiHfij y 


atsiss 


f' c = 6,000 psi 

f ps = 240,000 psi 
e _M UX _ 825,000 
x P u 300,000 
825,000 


M 


uy 


■■ 2.75 in. 


= 2.75 in. 

y P u 300,00 

x - Hmtfdmslsmtitii b 

u U Ui tu 

y = h 

HSfnRMMJfi 15m. x 15m. 


b = 1 5in. h = \5in. d'=2.5in. 

I3ilW|tii3aHm5 A s = 5x0.153 = 0.765m. 2 

A st =16x 0.153 = 2.448m. 2 

BiuTmBmiJtiintitiiainH 2.75m. 1 guHitsifitnmflimmiMaR 1 rmnnija <j) = o.65 1 

P n tflfilMti = 300000 = 461,538/Z? 

0.65 

M tflfilwtS = 825,000 = 1,269,23 1 lb - in. 

0.65 

nqmuimn d.lo, c s t =0.002 > 

P nb =229,310» 
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M nb = P n h e b = 2, 1 03, 1 24/77. - lb(237kN.m) 


M nb 2,103,124 
P nb “ 229,310 


9.17 in. 


e h >e = 2.75m. tiBiBSfiHntiMtinrauratirmBfTin luimiHRirnmnuBmiiMMij 

u v tunLiUev i i n 


</> = 0.65 

P no = 0.85/' c [A g -A sl )+A sl f ps 

= 0.85 x 6,000(225 - 2.448)+ 1.53 x 240,000 


= 1,502,205/fc 


lultllt {UfdHfni 8.37 (interaction surface) fdfHIU biaxial bending 


p — p 

1 n 1 nb 

+ 

f M ^ 

lYJ nx 

1.5 

+ 

f M ny ^ 

461,538-229,310 

f 1,269,23 l^j 

P ~ P 

\ A no 1 nb J 

nbx / 

nby y 

1,502,205-229,310 ' 

(2,103,124 J 


f 

+ 

V 


1,269,231 

2,103,124 


Y-5 

J 


agwmfifniMRimimBi tficu 

u vJ 


= 0. 1 82 + 0.468 + 0.468 = 1 . 1 1 8 > 1 .0 
( HSffimB* overdesigned UStsdSti) 


b = 1 5m. h = 1 5m. d = 12.5m. 

A, =7-wire strand tendon l/2ira.BBB & SdHTtii3SHtd9 tiBftiaidB ttitlJ 

>> n is- u Ui %) v c* v 

fj] tendon fdidSItifffd 16 1 


tf.96. (Prestressed Tension Members) 

Ca.96.fi. Ri3{fnt3tJSmMflRH (Service-Load Stresses) 

{dCIS Si3Hi3fiJi3fdJSiniytstft railroad ties, bridge truss tension members, foundation 
anchors Si3 ties ilf] nddlTTldiS liquid-retaining tank tajigjthultd prestressing 

strand IlJwmBnMMti8MtilHmBi3fnri!i3TfnfTiraMraRi3 “1 UJimtmiraUIB* fltitliBitlMMSmin 

inn u U-o i n v 1 n -o 

stimhGTsmmmitifiJtjtdGs ifltUHsmmiJRMgHBinBtiw^itnBiJB MTHinfniTBUBmJBtm m 

V Li U 1 1 l e» n^JwU U 1) Ct 

iiBBtrafitiiHanBimti (tie) utiiitimsmnsn^auamaHtm 

Li U n U 6? U U n v 


HtimtirntMtid amarnfmcmfunarma 

n n -yj Li i U 
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i imBniniuMHanitimimmiJnitnBnfniHaiHiaRina 

Li U m cJ Li U y ot v n -v* insu 


(a) 


(c) 


Id) 


I 




Unstressed tendon 


Elongation &L due to F 


M I 


I 


Structural steel 


I 

-At, — ►"! 




* L OC2 = 1 


Ai 


pel 




FL 

A » £ m 



Figure 8.25 Relative elongation of tension members, {a) Unstressed tendon, (b) 
Structural steel, (c) Prestressed concrete, area A n = A g + (n - 1 )/4 ps . (d) Pre- 
stressed concrete, area A a = 2 A n . 


BltilTffl F SimruJnJMlBtlJniTJW unstressed tendon talfiilttlfi (a) ttiWUMIflJnfiHIti F 

U v ct cx, x ' ei m 

fi 1T1 S H T S fi5 1 H fTI S ti H HJ wl S 

U n V 

cy 

(8.39) 


_ FL 
PS ~ A.F, 


*ps^ ps 


TUMStUttlfiaM tendon ttfltH rolled structural member milTUratlltllRimtiaHSfnmS^TnUlti 

U X) LiUtjaics'^Ju 

|Sr3|91tU 


ALp S 


f a E 

lx ps“^ ps 

A F 

V y 


(8.40) 


ttSCU A.ifrjlti A m 1 titHSS Rint3T9tirmm!lJWtsmB8tffli3iraBTRftnBUtIl[TlialRtiIUg Ca.lQC^b 1 

A V V U U 1 U L»U in -o cA y 

tnariitiranamtiitiraMiunaialRainB ri.tatic I? 

Lj vJ as i i <=* v 


576 


Prestressed Compression and Tension Member 


IgjifflstfifinwmsmgMntftj] 


Department of Civil Engineering 


Al Ag + [tip 1 )Ap S 

wim TUMBrauIrHUTHninarsnaiBlniaRarman 

Li Li Liu i Li ct | Li 

.r F 
Afc=~ 

Ai 

mrHUTHniiTURarsnaiBlnaiiJniniRaTsnan 

Li Liu Li ] Li ct Li ] Li 

n F 

A f = p 
Jps A , 

A tl 

to n p tiltitmnjUHgtll Ep S /E c 1 tirnss 


AL pc i - A L ps 


n pAps 

v A\ j 


u 


n FL FL 

A L = — = 

AFps A t E c 


(8.41) 

(8.42) 

(8.43) 

(8.44) 

(8.45) 


MHfflJ 8.54 fJjtmtitlJmUM tension tie tounmttfnUSRmmtfil F ijrnHHin service load 1 

imaiuinitjiraMBiumariitiraMiunamBifffariiiJia towRsiitimtstoRnmmMTtoRHiii 

~o Li u W cJo ] vJ v i n Li (II 

sim f ticm i inHitjmHUBmwiBniHraMHaHiiamimrnraHairaRarsnatnBtffiairaB i 

'O V cx CK v n -o 1 Li 1 Li Li 

mnicnsiuM tension tie iRmaTaiifimtmiRHiaiTunaTsna BtirignwiHJrintiJHJi i mi 

U *OtU vJ ai Li 1 Li o VI 

TmaiBinaraRaiiJwunintiifiRBiaininaTmaiBHUBiufnntiiR 

U ct ] g“l nj Li i Li <ii & 

(8.46) 


/.=-A 

J ci A 

A n 


to A r til net area IUMIUnaiBlni3H8fTlR1 miTfniltomflUSmiSlmiramitotnsnRHIti 

L i ct i 1 U c* | tu 

1 1 

iftina|sna|nMgmn p e iimmniRRmBRimHutimtMmaainwmaHMn 

fce=~ (8.47a) 

A 

8nii:iiJwRaTsnaniM9fTiniBlna!iJmniRi3Tman 

| U U O ct Li 1 Li 

fpe=--J L - (8.47b) 

^ ps 

UJimniHMHmi 8.42 ttu 8.47a MTmuRantllMIUIBRintiBICTIBiaiTRi F BtifitntilTTJfitiTinla 

U Ue»iiu-oLi eu Li 1 Li 

p e M|jnnRa|maMimBiRi3rani3 itmitns 

(8.48) 


r Pc F 

fc=—f + — 


mirmmsl mi tendon r 

1 U Ct 


nF 

f P s-f P e+ — 


(8.49) 


n n -K> U I U 
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niMaraHBHBtTTlH9TH1BWlHITU8ia1nl3HaHIi3fTlI91[Tl mTHUTHtUTmJt3AL nr (MIBWH) UR1H 

U im^JctUctn Lj Liu Li /-'C y Li 

mn service load nMHffiJ 8.49 MHHtmslBi3mitsmt38iBraifa a p uJnranmnjnRtntitTtjRia 

V 1 Li n su Li 1 

f?ni3{yMSfnn p e i 


tf.9g.S. (Deformation Behavior) 

mjRndRRUit5isi3TsiffirarjHl3RJl3mjmniHiscuR[ui:rd8isfi3THitjmjmRnR[uisinRll3 

7 J Li Li n 8 U O UU 

titisiisHtu i uiTHUTHWTutfaiuMHanintiua^THiaRhTtiihfiHimniJtiiHamiJtmBitmi iticu 

cr\ y U Uu U n n^JiU U n eJ 

H1BSl§jl{ffji3U]3tnR 1 JUMBIUHtintfl post-tensioned nig fully bonded member IBWfTUtSHJB* 

rat ini ti tminm euiIr n r HimmRti trM h p r 

U n su U i U i 

PI 

A i=--rbr (8.50a) 

A (: E c 

iuimRiitsmB*|u!iaipmiritiintJTiHuiaR 

A p = -J£- (8.50b) 

A C E C 

ttfirafiJlI creep. RHntilTTJRtiTSntiulH P BffiBSttRffiR1ffitjlRH1l3niJRl3TR1l3TtimSRin P p <1 

A su Li | Li t i su su Li i Lj Li e? <- 


EftttS§ UhmiTUIHHim creep C u BtiltfimMBH flBialRtifinR m RH1RHRTH (p+P p )/2 his 

y Li] l u wi» y ct y su eJ \ t c / 

Rmfi3|RR[RHpSM|H1URnbRRld1RHi31tllffifiJIJ creep 1 m |HH |HCU|Ht fill Hi ffi fill J creep R 


A cr - ~ 


L 


A C E C L V 


C„ 


P + P„ 


UI|HUtHtlI|u!iauJimwU shrinkage R 

A sh = £ shE 

titnss ratiatsmBsniMBfnnMiuti 

V Li 1 Li c3 1 


A e =H 


L 


A C E C 


P P + C,, 


P + P„ 


£ shE\ 


(8.51) 


(8.52) 


(8.53) 


taffiHRlm HfdHRlJ 8.51 Bti 8.52 RtJTIRHRRHiRSiniluCUHnJIlfIJIRn creep Bti shrinkage R 

<3i -o su -va ci A 

(8.54) 




Ca.9Cc.fi. Decompression and Cracking 

itilffintTUtUTl decompression BtiMIHITTI*. IRTHfMBntslHBtnBftllHtniSITRlHHlfiuBR 

ct Li L»u ^t. ct Li Li <* 

IRRinS 1 IHMSmHISWimfUSHIBtRRHISlSltlJEiJlJ overload, IfiBitnBipRmtiipRtitmtiUIBH 
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aafiJntiHinuiaHiBHTrauraatmHira* i 

C\ N U Ct 

^mMBHtsiimTuimiJmTURaTsna imsnaTtnamrTiiainaraHaiTrnHHiti first cracking 

-■'t Li Li i Li j Li -o ct 1 Li 

load F cr HS[RftStjlr3 direct tensile strength lUflhUflti UitlJialBIB* f\ = 3A,fff Si3 f\ = 


SlJTc ?IJHI A = 1, 0.85 Sti 0.75 M|jnuraHl3BHBnHm f IUR13 sand -lightweight Bti lUKti 
all -lightweight Ujtifp 1 IRHIBRimn Cracking load F cr HfdBRlJ 8.48 UJltDItUmH f\ fdHJHj 



miniatsi overload umtin F cr u^j^m|u§mstsjt3tihmti3s^mHismRmt3i|unt3{?rit3 

UIIini*tjlUl3H9U9WraUUBRHafRBml3HMItlimUBlUHRHaHtnR1 titslSS 

i run n U<^ir> n v n£JU 

TRurmsisnl3Tfnt3rdl3mE3mts1irdrdrdtijtsiRmuRt3mtiJtiiQitnQi;slRt3Ht3riJl3mjmcTi t i 

Li U i Li n cfcisu ctn 


Decompression load UtaJTJBRIBlinHJ = 0 IBlRtiMHR’lI 8.55 jnstflUBRlMflRH 

L <ii J l Ct til 


HSmiRHRmmttlCUHi3fiHhjStjsCh1 fJBRlJ 8.55 Rlffitil 



(8.56) 


ca.9is.iu. rmafncitsltcicijtnti ammituiMfrifnci 

rv j | i\ 

Limit State at Failure and Safety Factors 

trmtmn&mms inMBRtSiRi3Ttnti9im9itiHMiBlni3Hi3HTRftnBgugtmiJim!iJmTURi3 

Li Li vfe i Li *nj ct n L»u Li l 

ynt3 1 tftslSS nominal strength rafdHtiRSiniR 

F n = A ps f pu (8.57) 

With design ultimate load R 

F u=<t>n F n=</> A psfpu (8-58) 

IHtiitnBtiWBilHRnilMfHfTiriHUJUItni.5 M|tnn decompression load F dec 1 IRRIUIRWREUI 
MlRfrinitllffifrinfd81SrafjHi3fiJl3fTlJSinilSlfii3JijS1MHS fnnMBlBIUMIBBlMHBSBilti StiRIH 

i n 'o ct n o n cj nj 

HJtiHiBiBfTlirnHUBmraliaiflimfigntiiimrintiitiainMHaniarnigirniBlnaiBBiMHBmaHtin 

cj- o- U e» n ct n a v 

inHBtnBiuintitiiMHiHTtTmHtiinsimtiintiTiR UMTHiumjMRnRtuisiniriHffi uJHTtTutHfinji 

1 U U 0 3 -dLl vJ u wUi 

fdlRRIH 2.0 191 

l «>• 


fftimtfmmti?? stirtimrmmirmtirmti 

n n -v U t U 
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Ca.9e). Suggested Step-by-Step procedure for the Design of Tension 
Members 

1. RnJlfiTJSRIHRim F u Sti nominal strength RfHffTU F n = F u I </> 

2. iTSMnMHtHRaTsnaMiamunaiTmHHin service load uJnjuiuntintfimMii p„ iticu 

U tu 1 U n i U n c 

tsltstsns f c = 0.20 f' c sti f c =0.30 f' c i i^MUM|ngpiti A ps BtiBtmuMuJRitu 
Rtiffilti rmraUSiUHniitinSI net concrete area A c = A g - A duct BtitRBpltijmWti 
(transformed are) A t = A g + (n - l)A 1 

3. RimBIRHItiBltitTfTlHBmifiHfimtn F UJimimilW decompression stress f' t = 0 
( fflUlfi F dec ) 1 tJSlljHRRnJIFi first cracking load F cr 1 

4. RtihRreiitihrdlRfnntElnjdnjiicunRHiia f , F dec stiF cr iBiJitijatiintiifintiia 1.5 1 

5. finJlBiplitiimfltfimMlI creep Sti shrinkage ( MHfTlJ 8.53) 


itfnjunmwciRHitiBitiiTRl (MHmi8.45) Baitita^ntiiRiHiiJtiiBBtiitnBMmaina 

n tu U en I «ii tu v ot 

iiJBnimniBfniMRpHimBi i 

6. BgnimRfniMRnHimBiTUMBraHTHirriigitiHMUirirTitiinsim raHssfttnsis ismi 

U Li Liv -o a 3 U ct c? 

PTCUISTE^tamHJEU: trail -and-adjustment 1 

Flowchart step-by-step trial-and-adjustment procedure i u El HT hi jid id [HI U id ftp 

EUinSl S13( fnRHtitiJtimjmniltinJH1SCURnn-ThtTm{iTKfmRtf,MinitfdR,MTOS Cj.be) 1 



tiSIUHR THHnBHTtslIRHIHIlJtllBBtlltnBUti^THIBRtiTSntiBIBlntiHtimiJtlllBlimi U 

Uu U tu u n JJ l U ctn 

mn jq nimntmistiiR 


w v 
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( en ° ) 


Figure 8.26 

members. 


Flowchart for the design (analysis) of linear prestressed tension 
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Ca. 9 Cil.Mf 1 flR[lJimHgfiJt 3 friI 91 tJ (Design of Linear Tension Members) 

qgrnimn ti.tlt Liner post-tensioned fully grouted direct-tension tie underground shelter 

fltifiJtmiiJimialnarag tiM Hiaraiia l = 130 //( 39 . 6 m) 'i Tie lajrnftnBinMnnHimmMTinu 
ntriti thrust ttiratna net horizontal roof stiRHiti thrust ISmtnsusmtinSnjtnsnBmnmncTi 

CU (U M 

F d = 1 15,0001b(5 12kN ) mimfitnti thrust tatnBnUBfiHITjI F L = 55,0001b(245kN) 1 Mfip 
rnmai tie tjiHEUsmH?mnri 3 fBfnnHS?it 5 tjit 3 1.50 MTtnunjjntiBtiMiHtTtJ* ati 1.20 mthiu 

X) ii«v u Li Li ot Li Li 

rusnaaafnitnfi uJimittfitimniRarma 270-K nanSn iiiinin.imm) 1 wiBtiismBrmfmn- 

U Li Li | Li n is- \ / V 1 m 

ujHiiSnjutuntijnusnsimTniR i/2m. 

n & U v ct ‘J V Li 



Figure 8.27 Prestressed concrete tie in Example 8.3. 

f' c = 6,000 psi(4 1 AMP a) tTJHti9HB13Htn 

f' ci = 4,000 psi(31 .OMPa) 

f't = 4 VA = 3\0 psi(2A4MPa) 

E ci =4.06-10 6 psi(28MPa) 

E c = 4.69 ■ 10 6 psi(32.2MPa) 
f pu = 270,000 psi(\,862MPa) 
fpi = 190,000 psi(l,3l0MPa) 
f pe =150,000 psi{l,034MPa) 

E ps = 29 x 10 6 psi( 200 ■ 10 3 MPa) 
n p =E ps IE c = 29 10 6 /4.69 10 6 = 6.18 
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C u = 2.35 

s SH =700-10 _6 m./m. 

Sji{rriHssiRsst3Rt3^nt3 st3m|HR|Hwnl3mjRrarjit3Ri|tJRi3|fnl3|R!tns^jislRi3ras 

d.nl 1 EURIHRCU1USR 1.20 F D Sl3 1.60 fil^HTO F L 1 

Bttumiemtn: 

usrmmiui stimnrffejnmfammfftirmti (fit/ns i sit 2) 

tin j Lj Lj l U 

USRIHRWl 
^ 1 

F u = l.2F D +L6 F l =1.2x115,000 + 1.6x 55,000 = 226, 000/Z?(l, 005/7V) 


Nominal strength R|H!RU 


titUSS 


F =^L: 

H <!> 

F 

A = n 
ps 

' pu 


f; 


226,000 
0.9 

251,111 
270,000 


= 251,111/^(1,116^) 

= 0.93m. 2 (6.77cm 2 ) 


fcitnSo euIROUR 7-wire strand HUrBr 1/ 2m.(l2.7mmm) 

BBBiijRituRaiina 
0.93 


min tns 


= 6.08 EUR 7 

0.153 

A ps = 7 x 0.1 53 = 1.07m. 2 (6.9cm 2 ) 


Nominal strength mtUHTSUlS 


F n = 1.07 x 270,000 = 288,900/&(l,285iUV) 
fiJSR Rl3TR1l3fiJl3R uniform iSCUIRmSTlllitJltURUimmRllTfntl P., R f r =0.25 f’ 1 

n vJ cu Li l Li e*/C */C 


Si3 


P e = 1.07 x 150,000 = 160,500/Z? 


160,500 

g ” 0.25x6,000 


= 107m. 


yUISi ItUHfiTIREUjil tie rod section 1 lm. x 1 lm.(279mm x 279mm) 
rniilEUHtnS A g = 121m. 2 
ItfltUMBfi tendon duct HISHUrBr 2 in. 

-*> n i* 

A c = A g -^&)- = 117.86m. 2 (760cm 2 ) 
nfiiHRij 8.41 inapitimniaiuMranan 


fftimtfmmti?? smanvmmmnttrmtt 

n n -v U t U 
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A t =A g +(n-l)A ps = 121 + (6.18 -l)l.07 = 126.54/n. 2 (816.4cw 2 ) 
[n ff H 8 njn tfiij F , F dec SR F rr (tjUTIS 3 St3 4) 
nrjHfnj 8.56 


p p 

f\ = 0 = -A^ + Adec_ 

A c A t 

y Q _ 160,500 | F dec 

" 117.86 126.54 

titslSS F, r HSnTIRHRtJiH'lR 

V Lice i rn 

160,500 x 126.54 = \72,3201b(766kN) 

117.86 v ’ 

F tjimMl3= F d + F l = 1 15,000 + 55,000 = 170,000/Z? < 172,320/Z? |JiU[RlS 1 


1RSSEU first cracking load F rr HfilHRIJ 8.55 1 raseitTl RtiTRliimniHRmH'ltSlRtiraRti 

u *-> LI Wb 1 u Ot 1 

first cracking load R 4Ay]f' c = 4 x 1.0 x ^6,000 = 310 psi 1 


ISIS 

tl 


P F 

/•' _ _ e | cr 

ft ~ A A t 
160,500 


310 = - 


11.86 126.54 


F cr =211,548//? 

ntfhRHS SffitiHlS nominal strength itiOJHIGHIS F n = 288,900 'lb 1 


ytslSS design strength R 


F u = (/>F n = 0.9 x 288,900 = 260,010/Z? > F u RfHlRlJ = 226,000 lb [RU{R1S 

iHnniiMfHfnnrnsnaaawiHiTusn sf = f ^- = 260,010 = 1.28 

' ' ~ L “ L F cr 211,548 

fiHiBRiHtRTi 1.20 ititmjiJimtji isItnmitiWHtimRRHisfmmms fiiMiimnRimwMiBfnn 

CU Ed Lfl-o n Ct U Ac/ 


nimmalintiitnRitiMfn 


tHRhhfdfRRinTUfililSil decompression R SF = ^ “ = 60,010 = 1.51 
1 ' ~ L F F dec 172,320 

aaiHmrnMiflfnntiimMiaR sf = ^-= 260,010 = 1.53 

' ' ~ n F 170,000 

Eftnss iHHimMinmnfiJtiiintiHiBRntiiaiHRimMiRfnnRTHiRii uRiSoRtrutris 1 

V 1 1 «>■ 1 1 Uu U U U 

l jfsrn3ffjnwG[9i3[mm c Sun a 5) 

IHJtiEtitfl P t = f pi A ps =190,000x1.07 = 203,300/Z?(904kiV) 
nfjHRij 8.50(a) Rinmw^umsIintijRHimraRtiTRimtijR 

X) "nj tu V m UjU & 
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A; = — 


PjL _ 203,300x130x12 
A r E r 1 17.86 x 4.69 -10 6 


-0.57m.(l5 mm) 


nfJHfnj 8.53 mnmgt^mrmjnHimmnarfnamSsfnn aafniitnsuJimtmirlgntiiimrinnitm 

w 'o eii ni u i u u v 'o m m v 

ytstJl creep Si3 shrinkage Pi 

L 


A c=- 


A : E c 



f P; + P„ \ 

1 ] 

P +c 

r e ^ 

l 2 J 

+ £ SH L \ 


130xl2-10 j 


117. 86x 4.69 ■ 10 t 


160.5 + 2.35 


203.3 + 160.5 


v 


■700 -(130x12) 


= -2.75m.(70 mm) 

nrjHfnj 8.45, imtsniniiJimtmiuaRsiaiifrlR 

. FL 170,000(130x12) x 

A, = = ^ = 0.45m. (12mm) 

A t E c 126.54 x 4.69 -10 6 

RIHiaJUincntlinSimuJimtilll A HBETTlfiR 1/2 in. 1 tiGIBS net shortening R -2.75 

£U "N* S 3 1 m v 

+ 0.45 - 0.57 = -2.87 in. (7 2mm) 1 titslSi IRTfifl^RRUlBT9laTmmia*I9llt3Hl3RIlJtmal!RTnBHt 
RhORIjlPiiSTPnttltjtUlRPiHISMPitSlPittltjSRtlJlPiHSnTIPitJHfi 1 MBRTslflMfiialRtiUJBRimRHBtmfi 

l U i rn "vi i no 

iJBiasimagBtiimRfniMnjiRimBiliJniHaRiTURaTfliaHiBHSfnR 1 h«. x 1 1 in. 

V u vJ n U 1 U 1 u Ui 

TfTlt3TPit3 7-wire 270K Htifnk l/2w.BBB 7 1 

u u n v- u 


HtimtirntMtid stirtimrmnnrmtirmti 

n n -v U t U 
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tfrtung 


d.9. PTEU1S1 nominal strength P n St3 M n 

GH?flttltUH1SH3friPitlljtJi3initSlRi3raS fildlG) StIHlSGtUTIRBR e = 9 in. 1 fdfdnSSitintJmi 

i v in 7j u- U 1 

|fnl3tj1HtlISi3 seven- wire 270K stress-relieved prestressing strands H 13 R B d 0 . 5 m.(l 2 . 7 mm ) 

qss 6tltmtiinits1m3njs d.£i RnodTmnstsmjtnR^utirafjMMj stiMRrmtuisisTri stiRtind 

V v LT1 cX y u v Xj 

tntflQrafjttlRmi i m§jssstU8im|fnH: 

f' c = 7,000psi(48.6MPci) radtiSHSKHdl 


f' ci = 4,900 psi(33.8MPa) 


e « 9' 

f pu =210,000 psi{\M2M Pa) 


(229 mm) 

f py =255, 000psi{l, ISSMPa) 


15 

(381 mm) 

f pe = 150,000 psi{y,034MPa) 


O O- 

s cu = 0.0038m. / in. 

)- 

O O 

s ce = 0.0008m./ in. 


0 0- 


E ps = 29 xlO b psi(200x\0 3 MPa) 
d'= 2m.(50.8mm) 


11' 


2" 


: 2’ 


12 ' 

(305 mm) 


Figure P8.1 Column section. 


to.la. MtitijltfnHSSinSSti nominal load -moment P n -M n Si3tij1{mHSS1RSSi3 design load- 
moment p u - M u fd|HiiiMMnudm|yRi3|ffimsini33sitdjan d.9 *] puMsrasioHsmmnni 
rarjfdfdJd 20m.(508mm)x20m.(508mm) seven- wire 270K Hfc!d§d 

0.5in.(l2.1 mm) IJlnjmfiRnJTinJ|d!WS£3lfitSlt^SHffi91JlnJ|fiJiJSl3HRj[lhfi 1 
ti.m. fdnpdtiriSI tied prestressed bonded slender column BSfTldiTlinfclEUHIS clear height 
l u = 20/t(6.10m) itPffiflBS|dltnSStjpJ331l3Sl3fTintiriCU (sidesway) 1 WWBSSitiRHIti StiHHti 
Sl3HlSCUR[Ui:ri3H1J:tlt5fi3fi3nslRi33S1UlJ[lli d. ten fTlJMRnROnSITRlTRtJatUltjcURgnJltllfitJSR 

a m v ct O UuUr>sa<* 

Qssnj 

w 

1. Jtatfmsnssnm i^mrdSR^imHsBfimnusnmtilStiJunnitijnusngTtij'i 

-o ^ n d. u 

2 . frmHntuiiJtmmmturiuaR stiHHmsqmtmnji d.fcn 

r> u 

i|ujuinju9irimtnBialRi3Bi[ini9 d.la rjpHiu i u = 20 ft tiiHmatiBinMMnalna 
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gmumm cllo tfiHmsti i u = 15/1(4.57 m) 1 

Cj.Cs. Mi^EiQJlS1fi3fi3nslRi313t[lJTIS dfTI til biaxially loaded non-slender braced column IfclEUJti 
HHittHHIUl M m =M uy =1,100,000 in.- lb 1 tjjJ Modiied Load Contour Method fi3|Himt3li 

[ftnffi'l 

Ca.S. MRJ1R[lOmHaRJt3mjmnil|yRl3|?Tli31SlRt3gS1lOJ[lli ti.d ftJMSraflHISpilti L = 90 ft 
(27.4m) i30/r(39.6m)ts1nl3 

gmuutirn 


fftimtfmmtiti smanvmmruntirma 

n n -sj U i U 
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IX. TtinsRf?ntu8[uimfimmRi3T?ntinigM 

U o» U a i U i U 

Two-Way Prestressed Concrete Floor Systems 


d.9. (Introduction: Review of Method) 

tflBlBl {UnSR|H1CUtJ3tUH1SS|H (supported floor system) fRftnBIRWljriraRtimnHUJtlJ 

mmslsttmstt i RTHicugnjinjsrdfliRTHicugan^cuHistaCutGftjmnjiiratSssflRQtjiflnn mr 
wnnlfiifl sflmjMRnfl[uisiTtinsR|Hicu8[uitt3cutJflinits1fiflras d.9 JHummsmflmH'itusan 
ifpStiltt 1 tsiflflmujstsg SfltJflininntJjtJRCUlfi (1) moment capacity, (2) slab- 

column shear capacity Stt (3) serviceability behavior SflcdlH 

UUS 1 Gtufltfl flat plate tjIRTHIWgtlhlJlWTSlJlWfmnWMrdnflltlJtriCUltlltlJHSHISGH St5tt3CU 
tifliniisimfltJTRflHanQ (a) QituiRRTHicugtuifiiinwGHTRltnstjfliniisiRflQanQcb) aatuia (c) 

Ifl M Ct ^1 u 1 Li a c* Lru in ct 1 1 

UttlCTlCI waffle slab floor 1 

in d 

imTmmnjmjtiliaijfliRflmjMRnlfTifiTtjns fiat plate raRttmnB tMMmilfrifi fiat 

Li v ct ct Ls ci L i eJ \J 

plate rantitrafitirmtithunigM i ufa uiBm9MRafnitmaMtitnBtumiii:8Mtn i 
ninimnMiJRBiHHmHBBBainBUiJitTintiinimiMHiulHtitiinafTinraTTiingranBRTmtiisimni 

3 gj if. u in ~o 3 i ca U Li Li e» Li a 

BMltiWUmcmalfitilUa 9.1(b) Sti (c) tS I tflBIBl mstumraruns post-tensioned MTmUTTJnB 

in -o c* V V U u e> 1 Li Li e? 

l 

two-way plate ttinjBiR|finu ‘nntugs mi|flR|Hiw8ndnjsMi£lfhmfi|rmms1frijyis iflnjiRitnl 
tfl lift slabs ^ninBiTtSauflihBiihmiaTRnmiiJnnBSltmiimaMiatnBini^BitiSB siamscumui: 
irdSRBtiiflRTHinjstinnjsrdnuRflrffiflBimsIsflmsfl i ms RnssuiBRigwRaRiiMHiMij lift 

gj if. u a u i u su in e» i*. ot 

slab 3aHJHtnBiBHRfiBimimi9M8iafnttimmatiHarauiB*inBuiSnBftiin8[miTtn*tsimiJtii 

n 7J 3 a Li <=t 

HiBiBSjtnntitiBfMimn i 

UIBfilBMMLmutiwn lift slab JHinBRlIBlR ground-level slab itiflJmSRSlSnifi casting 
bed aatJinmwtn fawiBRtfiBnH'ntfim mem- 

U a O c* c* 


brane tJ sprayed parting agent 1 fijfijj ttiUJJnBtjlUjR !Jra?ifl|R!WSMflJmRJlfORHfjrafjHfnJ 
HBBilBIR basic bottom slab 1 RTHini8nniJl9IBtHmaHMTHftnBinBlRfiJ[TlMMI UJltUHlB steel 
collar tiWBfRnnR|RU|tnBl3t5HB[TnR listing (jacking) R|jnW8n^lJWfriRB}MHIHJIUMR|jntlI 
son tiBmnrmsIfltfras d® (d) i mrjUBtnsfmau lifting fnwtmrrimu jack tatfimslitij 

a v in ca 7 j x U J 

RtltllinMMMI SflfnmsiSflJfnntimtlCUHISmni (threaded rod) ItitiratiRBMTRIHIWltilUMMMI 

v w- x in i U <ii 
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Figure 9.1 Two-way-action floor systems, (a) Two-way flat-plate floor, (b) Two 
way slab floor on beams, (c) Waffle slab floor. 


mnsmmwsmmtitrmtirmtimgfif 

U c? U & / U / U 
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Support columns are set in 
place. 


© 

© 


Ground-floor slab is cast. 

Slabs for succeeding floors 
are cast and layered atop 
each other, separated by a 
membrane. 


© 


Jacks are fastened on top 
of support columns. 


© 


Slabs are raised, starting 
with the top one. and are 
gradually worked up one 
at a time. 


^6) Jack failure could cause 
slab to become unlevel 
and fall, causing slabs 
below and beside also to 
fall. 


Figure 9.1 Continued (d) Lift-slab installation technique. 


ISlSti lifting collar ititUUtitfralntifiTH'ltlJ 1 MRBfnntSfTli jack mtiHMTfifinnmriltimHM 
miMnnlfnnmn5fTiiiuMRTintii8[miTfnHrnirinuiiJiaiuiniJtiigMfHff 1940 smite 

O c u s u n v O 

9Mfnjf 1950 l§lBjmtJm3HSfR?TlH|SMmgj1Mij (classical theory of elasticity) 1 JpMrTintflTJ 
RtsJtJfj plate (small-deflection of plates) luWfdSRfdfnJ:HlSOJR[lJi:firitjHtIJ (homogeneous) 
BtiWnnJKIWMlB (isotropic) tewmitemimwfnitims ACI Code recommendation tjTHKJSti 

mnrnHtitui nmn 

1 V 

isljn 1943, Johansen til S TJill HI TSW yield-line MTHJURnflRnJSfnnStjstUfTlJJlCUJtUrarj 

ct ui -o u n ^ U c3 i) 

mHJcuson i BiurnmnncmsigHn mitniMnnitmiT^i^iraaTHitnaiSiaTti uJnimiaiimaiB* 

Li 3 O Li Li Li Lru C vJ 

mnsasamnf mirarjnj]mmm§jt3Hinmj]TiHmn ultimate i 
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ut 5 tjl Ockleston, Mansfield, Rzhanitsyn, Powell, Wood, Sawcczuk, Gamble-Sozwn-Siess Si 3 
Park limit-state behavior JtJMRTtnEIJSnn plate tsl 

v u U a a 

intutnnnoQ iglinniiauamSmi i 

v & & 

ininaln^ipaiiJwiRfwBittiMijnuMfjpJfTiH BafinfimuimniHitusim sti plate 
njsfd TRftnBMitiuiJtiSitjnmH: 

Lm a v u 

£.9.9. IS ACI Code £Tlfif1[UTlCUtH9j1Mt5 (The Semielastic ACI Code Approach) 

SS aci tiWBffluMriiMTinuMRnlmR si 3 WRnR[uisiTtjns plate tiRTmcugtinnjsfdS: 

n v U O O U e» A -v* U a 

iGMfyiPilinSItoltU^ICU (direct design method) (equivalent frame method) 1 

lSmt 3 nJSl 3 ]^JtnSffinHRnfni 1 JllSlnt 3 Q[lilQ 9.3 * 1 1 IRIfU equivalent frame method ISlRtiRli 
MRJIR 1 U 1 S 1 BtiWRJlJfnfi plate Bl 3 Rt]mni 8 [IIlI|TIRl 3 |ml 3 1 

6s.9.l£). The Yield-Line Method 

IRHSfR semielastic code approach MTHIURIim BiantiMijtfll luiHJfltnBtHRimMiRfTin 

in 11 U n i l o- 

fdTHItitUSfnnTSTStlSnfnfd BinilRi] yield-line theory ^T9MtnMB!lJtlIlIltDTMtlIHaiRIBilt3 
CURSOnflttlS BainnaHaUURR ^ tUMBIiriRHBfR serviceability constraints, yield-line theory 
JTJM Johansen UUlfnaiRmSRlIClRTtnRlJltlM plate StiRTtflEUStUiraRti ItJWHBtmRtitmTIJ 
RimRHHtSUtilltiri collapse mechanism tt3CUtTlSri3SfitE3tUH3HStSl St3TmnStStJ3RS1t3tTrTi 

V n A 'a. 1 u <* u 

stajumajufj floor panel i itDaaanmRnTgMiasRiBiRWHRtalRaBniiti 9 . 14. 1 

V 1 O U n ct 1 

£.9.(11. The Limit Theory of Plates 

BnmUH'lIHUfiRtiR'lIUlSR limit solution RlffitiltntilG UfimWlItUamtlRaRlIRimR 

•S* cx PI tu C> ot 

collapse field TjltjtiB tuEUH 1 ft§JIRRhnR 1 jlSSl lower failure load 1 ytslSS upper bound solution 
UjCUSIHSUSJ valid mechanism tEJhntUlutUJRfJHRIJRHS (work equation) Rots lower bound 
solution (stress field) tiinmWRSIlilMHRIItiiBhlltiltilMJtll [RU 9 

o o . 

Rt 8 a (differential equation of equilibrium) loth 


mnsmmnjsmmtifrmtifmtinrsM 

U e> U si / U / U 
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d 2 M x 2 g 2 M xy | d 2 M y 
dx 2 dxdy dy 2 


(9.1) 


iiJui m x , M y sti tiiHBisnfi sti w tftHitiRiiMiRtauBRiiRRi *i mmimuJmtiwipfutiJ 
HSCITIR^J lower bound solution iSliRHJSSffi 1 Wood, Park Bf 

semiexact prediction tt3tlJM{RRIUM collaps load 1 


MTHJU limit-state solution inMBHtSlRTmW 8 nJlH 1 BWnnil:li 3 lJlB&lHIUlHlJWintlIlJtlIItiil 

u u a a v v 

tTRlHJHRNawy tnBUmWRBnWlBmntftUlTRIHimiUBRB RtiBfiSnMREmti membrane Ii3R1I 

U J 73. Of U & v & 

rdtieitslntimj-disejis collapse load 1 


(The Stripe Method) 

‘JniB*TRJtnBIMI9Ttiltfim Hillerborg RtiRBTUalTUaiBHTRntUIlJRIBlRallJBBIltR 

Liu ctvJ ° ct jji U U e*J U os U 

(stripe field) 1 ItftmMlIRlIRRfitiRlJHBiRtBlRlIthBtftmMamHmiBfRlIthRUJfifilaBMlRtiRl 
(orthogonal direction), Hillerborge il till R cj j H H !3 1 H Eh (twisting moment) EftJfhSJ EU1 tilth Ehfci 
Rt]mni8nJ]9jt9ltilBnjRBH!lJtlIfi1R|n (intersection beam stripe) tiBtSSiSmR^jiEffilStjl stripe 
method 1 

yield-line theory IBM Johansen tGETl fi«ini*|MimfnRIpBtil lower bound 1 
Upper -bound solution IBM Johansen ffltstsEUSJ collaps load BBtjR RhfUEUltRtfB valid 
failure mechanism Ri3fTlItflS|BBl[Ul collapse load 1 


tftJBRWttiU (Summary) 

^BI|tntiMHHW^lBBBa!lJWBatRfrimRfl UfimMinp|tnMIB direct design method 
IBlRaRlIHBfRIUMflMTBlBTBilBRTBltmBRaiTBRaTRiafiigMtnailJBRIUlR saRTHfRIIBiRlI 

Ct in U U o? U l U i Li Uu U 

RIU1R stiffness tsl TfitdREiri Jfnt3fi5fa? BtiRTH1W8[mtBlRtifll[miR1JiaR1JMfinR[mBl 1 TSM yield- 

Li Li 3 ofc \J Lin*' 

line MTH'lBMfiflRTB’lUJSim Sl3 plate ITRIHMIBmnRimRIBlinWtnRRTRftnBBlJlfTiraiaMItJBI 

U O U 3 A U <\ L»u in -\a 8 

&b. fnnSmjmwRTHimgtihnjsMtTfnHfnjfifimtnta 

cf u a U n 

Flexural Behavior of Two-Way Slabs and Plates 
&IQ.9. HtnniSAI (Two-Way Action) 
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unyielding support atjtfl 

shear wall U stiff beam 1 ItMsRjRinf mntJfjR|H1CUl|mHmn gravity load 1 fifjntlJBtatflU 

nt3S{H^mmHSQi3tnsttfnHmnusRmm[ni 

rnftnBtsimuRatiiHmBtigTHnaitituiRHtmgims i tsifcin (contour) itiwmlrmslRtiras dla 
(a) niJirnt^isnniaHHiaiBlTRtiBimBnnintii c tnatTRigtjimalttuTijtasRiHSM y tjirnslimTtiti 

in tJ v U in U ot U] tu ^ U i 

lltiRlHSfd x 1 

mjRtuifiHHiimHSfij x b13rihbw y nRtiiHiBtumm:MRtinfn uJimtmifiiSmitiiiTR^a 

y S 0 v/ 1 > vsfe -vj C* U U 

ufltmgtsHBn[inRSiTR8M i iRmfflimRTtntmBlRaltiR (a) isms d.b tiimnJiMiHtTmJimmR 

nn Un U ct ot v x y no 

bwIr ab sti DEiiJtiiiBlnnnitiiitiia dJtsnaitiRCb)) itJtiimniJiuiuMBntnmtirinBlBnmi 

U n e» u ot ot x ^ U i 

Rtuntu chisrihimrii 

n nj "tct 



(a) 



Figure 9.2 Deflection of panels and strips, (a) Curvature and deflection contours 
in a floor panel, (b) Central slips in a two-way slab panel. 
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nH9THW1Htn!lJtlIIi3UannTiJimiMinBfnniJlU 5w/ 4 /384£7 U \ = kwl 4 t£3tUfc QSS 

ct U m Lj •«*> -vk u 

itin 


|UMBiun|jnMraMBnjRmt3ciiflB|n imsmntfimutmsnjR asr kw AB L 4 itntiiRintfiu 
JTJMBIJjR DE R kw DE S 4 ItlEU w AB Bti w D£ tilBIIUlRtainaRtiMIRUBRMra w ititmtinsl 
BIljR AB Stt BIljR £>£ tljtigp IJlEU w — w AB + w DE 1 t3lfi§jfnnj3TO|Ri3QnilQR[liTlCU C IS 
BiijRmiannMgn isiiiraiatns 


stt 


= 

W DE = 


wS 4 
L 4 + 5 4 
wL 4 

l 4 + s 4 


(9.2a) 

(9.2b) 


nfiJHfnjsianjgimwisi imtinSniijiiwtitai 5 jumbijIr de rssfGinflRisusRikjitn uB 

-OC»£U U u u v 


tag IWiailUMRtjnnillJtmallW unyielding support RJtfSlBHttRtfltt lStb{SSJl8jIfrU3lStbH1S 


HIR[m:iBlRIBlRi3IU9 d . la (a) *1 

a ct xi v ' 


6s.t0.lll. Relative Stiffness Effects 


IRHlSRTH1tb8[UlHtUIutlJTSIu1tU flexible support tjSIjltSH SttfJfiJJ U flat plate luEUTS 

Li 3 w Li iiyct "VI 1 Li 

ItflGlMMI 1 IBlRaRIimHtmimRUJim RIJIUtilBRHt&IBlRtigMS Bt39Mtft3tngtlIR[Ui:MRfmC71 

cX xi V ot nj 8 syfc ~vj 

tun Ml fnnMR^miSSmmSJflnBl^mS stiffness JUM yielding support IlJtlIRniIRmntBIRIB 
181 contour IBlRtilUg d.b (a) ISlRtiSM x SttSfJ y SflRMRSjRinUfllBRHHmsffllfTl 1 

\J c* V ' <=t ^ V TJ vJ 

1 1 

taEUItajU stiffness JUMBH9tHItU stiffness IUMRtjnW8[mH1BIBfi]I8}IRlti SflHHfltSl 
mH9MlitiBtjltit8IIRH3 SflHHfllSifnHSMS ItJimMIJRnntlJMIUIBRlItiB orthotropic plate 

vJ v eu U i cs ' V 1 1 


tatmnnjMMjtaHiBBtn mMBiuiwtiiiti LiBlRtinjnBRTHinnBgBijitiiwtis 5 8ifl tsis 

'/t. ct Li e» cA Li e? Li c'mm 


HHfl HRmHIlBiBnJIBRnmWIUMRTHItllBatnBRtHnitJTIRTTIItJItllBaHHtiTRtiRnjntlIttliaiUM 

V in Li su Li Li u U n c* 

GUjmcyfl l idtuitinBRngnmiM 

tflMItiU lflimMUR|jn[lIH1BtlIR[m:ltinM (flexible) SflHIStJJHinJlIoRBBtHSISS ISIS 
mjraflltiRHHfliglfllnilSlRflSMmflnjmTMffiSfl relative stiffness JUMSTB gtilUMRTtntll 1 

V vJ -o ct Li Li Li 

RtiTRia iiltiiBTtitmBiRaRUBHraTRftnBRiRnBmiflimRirfnaiBRHHiaiOTiaJfTiiggiglRiBRnB 

1 U U 1 ct Xi Lry o. i) vJ -\j 

IwClJHISRflTpflflPiB *1 

1 U v 
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is.tn.ltitffntiftitfHClJ (The Equivalent Frame Method) 

&m.9. tWtifjttaE (Introduction) 


8iai|fTlHtilfnmjunnCT!5 equivalent frame 

ACI Code approach uJHTfflmn Si3rai3raRHHt3fdJmslRi3RTH1CUnJSfi3 1 fNjMBHfnniTlHTH3 

1 1 EaJ II 1 ot Li V ~t> tu 

HtninatjmfnimiragtiiBsriHBMnmTimHuuunmisi ab sacD iglnaiua d.m t3im*muntu 

1 U euJ n vJ ct v iu n 

ttua 1 ffiBBUJtilB rigid frame tSlntiSfd x 1 tftsEfl TJijmnumTJ EF Sti HG taEUSl rigid frame 
fflHSfd y 1 1dealized frame tatfnBTtiUhmilHUJfi UflTHIElJSthlfiJHHEU gtiMMJUJUJtjlBTH 

O vO ot -vi Li a 7J Li 


ITlti^TinnnilBlRTHltllSnmiJimtjlHBnfllJtitiinH 1 t3t5tS§lS equivalent frame fflfiBR idealized 
frame iBftiiTMiiJttitnaantntiriRTtnniJ mimfitnBfagftnjifl statlcusfcustlcufaTneitjnia direct 

o u U ct U U n u cs> l U 

design method ttttlflfu] direct design method fftffni 

m?ral3reRHHi3is“Tl3lniiRHl3Rfi 1 

V vl -o o 


Y 

u 




Figure 9.3 Floor plan with equivalent frame (shaded area in x direction). 
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(Limitations of the Direct Design Method) 


mmjTnmjlttteRnJimUfd direct design method: 


w Liu c* ct 

2. titmfftUIUJtilJti ItBlWalHBTRfBtjia 2.0 1 

U c c nj Liu 

e» c* u Liu 1 ct nj zj C* 

4. MMiint 3 Mmal 8 MriHnniJimmHHHuiin io% iBiroatalnagMtofiwfiiBl i 

1 o su e» ct 


5. uanmaHMniiHtiiuBngmm aatiiuannTinmiMiiSRTHitiimaHtm uBRHitsiHgrni 

•in X) in ~o ^Ll^Ll JJ <in Lru 

istiiauamtsiuiJaiBi 

6. TtJMSra RTHICUTRltnSTSi^tHRHTRijSfd. relative stiffness JUWBHnagwnmamHB 

Li Li Lru Li ct U ct ct ct 

TRlRQtiia 0.2 tltltjHJ 5.0 1 

Liu U 'a 

i^miH9j5fiannfin^tiia*M|jnufnilmnR|jnw8n^rani3i|URi3[mti mtntnafjjj equi- 


valent frame method jaffd Jtiia 1 


6i.Cn.Cn. M a (Determination of the Statical Moment M 0 ) 

imnafiunBnafrummamTmtii8[mM8iBBBB cSStssniatTfnH: 

ct u a v v U 

1. RnilfiHHi3fiJISRfdraR1HSrdSHffi?n 

V e-1 i U 

2. tUl3iQRHHi3h3JUh3THlUfriJR[inS1H8fTlfifi3TH1UHHti!tiH1S lafsltiHlS 1 

v i Li i U v ot- oy 

3 . raiaraRHHttHltjHis BhHHiaJtiHiaigiBntmtiiMMi lathftfmtifntmcija lafslaara 

u Of- u Of- lJ U n er ct Li 

WBItJfltnB 1 BWjniWMMI (column strip) frlGUjmtiEUHISSSmwlti 25%I389ai|fnti 
MHHtiiiBliWTtiaaHm9iaHmMMi itfiraggaiuMBntRRnintiiitiiatiiTmiaiiJtmal 

V Li i u O Unc^Li 

rutin 

4. RtlllfiSlfl Sr3fTinUr31BRlLjRfriHSh3SHtfJ9 *1 

u 

tRTRftBmitRMTHtiimHitiMHHiattitiitnattiatBmuirai mtna 

c? V Lru C? Lru cu U 

fitmw8[m8itintitatnBgtn ZiRnnHmiBlnagMiaHHtiiiJwTRffiBiinjnaagtn u rihsm 

U S ct i vJ Ct u Lru 

masa /, liBIlSmiBlnaiUg &.<k I Clear span l„ ^gtiillJtllMltiiglttilUMMMI a capital a 
tirmai ntHiuMfiHBTnfflBtjia 0.65/, tuimwTHiugTHuJcutnBHSfnnHciJ inrHinRtiiHSfnn 

Of- CU Liu TJ A U Li 1 U Liu 1 

fan ifltutnBmgnttiHBfTimMm i HHtiwigBMiaiaMBHgrHtmHmiaaBnnTaimiMiiJtiitii 

Li vJ •in 1 vtrt UC1 1 ct Li m ^ Li ^t, 
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Direction the moments are 
being determined 
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Figure 9.5 Simple moment M 0 acting on an interior two-way slab panel in x di- 
rection. (a) Moment on panel, (b) Free-body diagram. 


one-dimensional member R M a =wl 2 1 8 1 1SlRllR^HICUStinnJSfdluCUtjl two-dimensional 
member, HtilBlfitiBWx BtiHtitnH 

sfj v i niMarainRnnrintii8itini3ia*tiiiJnTfTiHHi3itifJiJt3uiJirniaini3iuB d£(a) mnMiHTB 

- U U ct eJU m y in a 5 j N ' i U 

RitraBmRtntiRiR St3HHi3JHcu (twisting moment) iinnflWMBTmHniiiinmTtiaiannjnmiJtiiia 

o-su vu ° v v tJ n U i 

mimni itirnsratsisiliijliGiuiijA stitsonij^ HSHnsfnjstistamffcu (restraint) imsiRRnnunni 

tiiRTHiniBTHWiHmiginiaBMiBiniia i rawsrammmsimtiRtirntiJttija tJaiainiaiuB d.ti (b) 

l_i Li met o <r Li Lj n c? V ot tj v ' 

^ l l 

itiimnRRTinnimnRnmni^iJnTmHHaiMJ isiiBHti M-ialmuntiiitiiian 

U nULim V e~i c 

M = w hhil IjA w hhil hil 
0 2 2 2 4 

TJ M = wI ^ ln ^ (9.3) 

"* 8 

iultUfiTUHIS restraint tSlffiijBfH. imuaiBR M^SlRtiSfd x lSlS[H BtilBlRnmwtatiBBHa 
rjTTIH 


M 0 =M c +±(M a +M b ) (9.4a) 

mnut3tBms§HiTMmsl3Bnmsfnnlt3TmrTirarjsTH t i iBlRtintJfmJBRi m„rihbm y 

U U U-o U or U rj et U J v 

HHl3iSlR[imCUlCUt3 BaKIHHBTHIBHH6lt39THIBlRaBMIB18 1 
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lalniagMitituifiti MHfnj9.4a Rimtfi 

c* cu 

M' 0 = M' c+ l -{M A+ M B ) 


(9.4b) 


itiEU M' a , M' a , M' b St3M’ c M 0 , M a , M b Si3M c Iljiam 

asm iBlRtinufmwiatiamBtiMHRiJ9.3 imams 

U c* ct U Li u C* 

whftif 


M' = 


(9.5) 


HiamaSiHUBR w nmHUBmSmnBinaRTHitmuHainiRaTmainBtii w w Raiimimmtti i 

\ U &> 0 ctU 1 U 1 U Wcty n 


S.cn.6. ‘JmmifniKiiHHnj (Equivalent Frame Analysis) 

imfatris (latuismBmaiirmaainaButtunialnaing d.S wTmtftTmaRtiBMBitirijiRti 

u U (T| -oU v in Ct 5 J Li Li c* 

ffl) HISfJfiJJHtUtjJ Si3GH ( fiTmCUSEin) taltJ ABCDE fUTHIUUSRSBirm RTHltbSHIU9TRftnS 

c* u u 06 Li 3 Li -\j Li w Liu 

ImfimBitfimieffinm lawMMJTRftnBMBRtji fixed tsirntSRT'tntumatm sasirntfriH i uJm 

vJ ct Liu ^ Li Li Li E-J 

UincntlIRSimtmBB SatURSCUItlJSa ITml3MHHtlIBHm5TRiTgUBRHBiRBMim RliaiRUBRIW 

-osan 8s U uuLiuLi^ini 

InitimMTRftnaiTTIMTtnUIRtllRSimUBRHItsIinTRRUaRI 

0 CU Liu Li Li 8 3 U l 

IRBItnBRRrillMMtigUHlStll (rotational resistance) JUMMMJIBltRljRim IBlintlJfiRn 
moment relaxation fimjratirefiBHtf IWRItliaiBlintllMMIHIBtllRimriiaiatlllB^jflHIB mtllti 
(rigidity) RBIBjtJIBlBti rigidity ITJMRftnUJlBl [fififitlfl 1 iSl iliimirifiUrdfi lift slab IRBltnBRR 
iRBHaimRumm* i ras d.ri uuunnaiiniHaRtBiTmaMHHtm BWtRRTtnniTRftnBMBRTB 

ct i run u in-onnU u U U Lru ^ U 

UflffifiTHIElJSSti (transverse slab) 1 MMItiWBilIMMl3BUHHtSIHtlJ M T latUfdHHCUlSlSDfTlD 
RlJWIRHthjlHtlJHBfflB m, 1 H8mRBl381l3tTRllUMBntRRTH1[liJtlIBail3H8mRTRtiR[IJntlI 

l U w l 61 i i i U U U iUn 

laimrmrnuiBTsarmmiiaimmrjHtiJ i luHmrinmticiJ stinuiGTsmmtmss iRTfiitjBwwwitiiR 

ULiLi i) Ed l 0 uLjLj Liu V 

IMU SD transverse slab strip ifrlffifdfiJifiJHHEUlitiEU flexibility JtJfjfiJfiJJfdHHCUiMSDtaCUtJfi 
flexibility IBMMItiimMti Bi3BtlfRRTtntU 1 miMBRIBJMiatiiaimMHmiBiaiTmH: 

J ci lJ Li wt Li 

— = — (9.6) 

K ec I K c K t 

i£3EU K pr = mnitJTmtnBUmiClR (flexural stiffness) JtlfjfdfdJfdHHCU ( HHtSRaHGJimm 

cc U-o v / u u ^ w n 

hjScu) i 
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ik mam 



equivalent frame, 
direction N-S 


equivalent frame, 
direction N-S 


(a) 



Figure 9.6 Idealized structure divided into equivalent frames, (a) Plan, (b) Sec- 
tion in E-W direction. 



Figure 9.7 Constituent elements of the equivalent frame. 
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I K c = TatUtJR flexural stiffness IUMMMIBU3IW 
K t = flexural stiffness ITJMBHUJtlJIHUJ 


HjitjlcjtgjSI minBMnMIMHmi &e) tflfiJHRU stiffness 



(9.7) 




(9.8) 



RRrittiMMJ 1 IRGJRIHRnJl carryover fUWltlJSti -±(l + 3 /z/L) 1 IHJnBRUJlB'llHRim carry- 
over tnatiimtlimiJim column-analogy method i ul tff l jlj R [B3 CU 8 tin tfl analogous column 1 

MHfniMtHtiiMtjnu ^ c 9jwgtini3MriHiH!iJtiitnBriMHrni9.8 xtittncu 5% i 


ItlCU h tjlRTtnfdRTtntUSnJl 1 fnnlr3TR1CnRr3fnnHtlJ (torsional stiffness) IUMRTHltlI8[mia1ni3 

Li Li s Li ct V Li 3 ct 

EjJfJfbJ 


luCU L 2 = SS13 band 

L n =?wa 

Co - 9inraMMMini39MTMUal3Bi3Ii3miIHtlI ItfitmtsIIHtll (torsional constant) R 

^ ct U Ct u U X 7 



(9.10a) 


1-0.63- x 3 y 



(9.10b) 


v = giniiaiBitiRBnirnimiuMHsrriniaiTntigTtiMnraMMMi (flBfiiggtiMMi) 

^ ct 1 1 U U o v 

RinlatmnjiuMRtjnnisimtRftnB^jii^tBMHRii 



(9.11) 
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ia1inniiiJnnnnnjiHmnli3|mmtuMgfnn (effective stiffness) K ec iummmi BtininliatmniiuM 
RTHItUStUl K - inHItsJmmrmiaMHHWIlJltDJSnniHmRtnB iJtitil relaxation method TJ 

U 3 J Utj U V "VA 

moment distribution method 1 

IHRIlrilUtilGR (distribution) (fixed-end moment) x= R 

DF = (9.12) 

Hk 

tutu HK = K ec + K s (j eft ) + K s ( right ) 1 triHIGlfUmritin carryover COF = 1/2 ifrlffiBStflSfnfi 
UtifnnraTnfi ttfimfiJU nonprismatic section UtifignnjfiSnjnfihglttU fixed-end moment StilGl 
ICUtHRtUl carryover 1 HHilUfciUQti FEM wl 2 {l n f /1 2 !Sl]ril3S]dJiutU 

ifflirrnmiritiirnifnaiBRHHtiifffiaJfn ^wririHHiiitlnjraiitijRHlijHisislTRtigTH sUHHlitsi 

U L* U U 7J 

RnbinJltUi31Ri31filMSl3HHi3firiSij M n = wU(l „) 2 /8 1 

en c t/ l. \ ii / 


d.m.d. mtsff|jl 3 lfrtjama 1 tcutcyt 3 (Pattern Loading of Spans) 

tnHamtnBiSfriinTiJimuamwitiiiaBiiaHMnaintiiiHHmiB umsfiHstnsmlknmmti 

Cf \~i dn O o* u Ll n 1 U 

nnuttiUJHJtitnB saltiHisHBuiHiis i titnss tmnrisi^TlmmrmanQs^si^mnuRnsfriJ 

n w- m- v £juu Utj 

ntUimUBnSIlMMTtnUUBRHItjI 1 MTHlUITRltiuta RltBRlIlIlRUBRllJtlllMimaMTtnunBR 

U lu U (A Li Lj c> v d* ct w u ai 

HltsITRitnBUtlimiBlRtilUB d.Cal 

Lru in -o c* V 
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Figure 9.8 Loading patterns for live load. 
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6s. (s. U3Rtijst3ClI9fiJ (Two-Directional Load Balancing) 

l 

SQ^fUtnStJjunmsin^nRS 9 USREUSti (load balancing) ^RH1l3|tJ331l3Sl3tJSRSSini 
SltinRl 1 !ISmSST?i!tnsmS?iigit3ttJltmJtlSSl3 (transverse component) iSRH1lUTURi3TRll3?riH 
mamtmsiRD parabolic !J harped tendon 1 HSR w ISlRtifdHRU 9.3 ISltiEU 9.5 tflUSRSStiHRI 
&U3ItrrillJtmna9Mti«|fnH (downward external transverse load) taHlBtilUBRlBRlJ w w Util 
uamunim w u luamtituuiBBMifffaiw (upward load) lalnanijnwsimitinraiuntiiri transver- 
se component isRHimraRmsmi (itiwuiantunuiainatinn 9) mnuBmriBntuiuM w w until 

1 cu U i Li U ot y W 

i 

inHiuitSMnMfitiiuBntiiBianfiTtnRtiititiiuiBBMitilusiTrnH i iTRiHEURsnnramss rthieusiui 

U dj U l Li Li 8 s Us 

niBMuaiauuiautiJUa tuimRHBitiHtfljjHtiJ itammilmnrHftnBMTHtiituiaiiua 1 

V m V u U v Uu U 

uBRtiiatirilBMiainaRTuitiisimrilBMSMfiuBnwBaHmBMiBiRtinH i usncusaitlcu 

<* ctUsi^ U c* ct 

UlSfiltiim tendon iglRtS9MHmjnBUl§B URlRUBfflUBRWBl3ltiroui§Rltfim tendon RtiSM 

n c* w n «>• <sj n c* 

IRU 1 titslSS RHltitTURtiTRlti Sl3 tendon profile IBlRtiBMnrfRtimRmBBBlRgBtiRlIBfttnigl 
HR itiiraiRnBflHlWRlinjiwigUI titlITUtmitiBSl3till3IRIUMUaRtiiBl3RRlIR[mBlRTtntlIITURl3 

U v n U & U U i 

THll3ltitmifllfffl3lii}lUMRHll3ITURl3THll3titljafRUnTUimUBRIBlRl3gMaHm5MHH[lIigial3UBR 

u nvJ m u i u n v u^ct u v 

1 11 1 

BiaitRi!titlIUlBgMUJlt3«|RlH 1 RlIMf^HnilBlIuUiastRftnaiR^JItlHIStjl pure balanced 
design 1 IRTRftfilRnnttnflllRIBmnnJRSnJlWBti (balanced condition) tiBUSRltiWHISHinifij 

° Uo -O B 3 V 

1 

RTHithiSmHsri3Rsnmnumslt3ithmri3RH : immRt3Tmi3‘i 

U c3 Pi vJ cu U i U 



Figure 9.9 Balancing loads in two-way prestressed panel, (a) Three-dimen- 
sional view, (b) Section L-L in the long direction, (c) Section S-S in the short di- 
rection. 
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TnMaranrmnisimriiBMiiJwinBgTHlaiJti^timiaiainiRaTmariiBMiRtiffiiiJtiiinaitii 

Li U a Li V Li 1 Li c* o' 

13 Lc S13L, Ri39M3 Si39Mi;fi3 Illtim tiBTJ&HTHSlnlaiTJB &.& tS1StR99tUUSntlJSt3t£3tUH1S9M 

i-j c t ni U u in -vs u u<*i 

i i i 

tgjl 3 tCUtt 3 tU[RJmnBHjm§Si balanced design load ttinJtnBElMHfTlI 1.15a UJimMHfflJ 

*Ps e s 


W bal(s) ~ ^ 


313 


Wbal(L) 


S 

% P L e L 

L 2 , 


(9.13a) 

(9.13b) 


ttJEU Pc 313 Pj ^Rint 31 TURl 3 Tml 3 raM 9 fnniTrnB[iniJnHUtinl 3 Hmi]RmBBt 3 IUMRTHltlI 8 [iniBl 

m Li l Li Li g* Li c* u n Li a 

Ri 39 M 8 Lc StiSfiJt f 13 L, Illtim. Btie, ttlQnJnRBRHBuJHirarjlSmmRi 3 Tffli 3 *1 USRMS 13 

ot EU O U |J c* O U U- Ll ] Ll Oi 

M m Ri 3 H til Q fi R 1 9 St 3 3 13 ffl ffitil 

% p s e s , 8P L e L 


i <=* w 


Wfca/ - W ba i(s) + W ba l(L) - ‘ 


T 2 T 2 

PS 


(9.14) 


HRMnjmniimnn^MWM iuimnnjiHniHraMRmt3ipRt3|ifit3 p 5 si3P L i iisjis 
Pc si3 p, int3uinmMHmitmBt3 9.i4 1 TTiMBranrintiisiintuinwBH uraMsmntHitiJsnji 

O L-j ~o cv Li Li a rt m U Li a 

rmHmminwtimiti iBi8fniR[inBiiiJtiiBiB[iimm:iMiJRBtiit3ininBTBUBR w fafitiBwi uts 

m u* a ra y. U c* ct iu m u 

w /2 ni 39 MSHm 9 M{jmumridn|jmM 8 [idnt 3 mu'i njjsiMsnjntiwjmtiimusn w bal si 3 Ji 3 
Ri3Tmi3uJimmnt3 nunarsna p s si3 p, ImuEmHstfmrnTtfimnmmmM p*/h si3 p T ih 
lSiRt39MSHtU9 tt3CU R131S1S h tilfiTHlfijfmntlJStUl 1 RTHICUStUlTRllRnmM 1 tilffi H SHIS ffl £1 

ot u ot Li Li a Li a Liu ^t. 

1 1 

uTii 313 camber 1 RUTiniB tlSRHSlRSH W hn , Bl3BlHBlIBfmnTUTBMIH9riMBBHmMTH1u}fnR 

tii 1 ci UUL ii Li Li ci vJ <ii Li 

two-way plate 1 

til 91 si IlhmtmiRtjnni8n^ni9MIURl3I[nRl3|mt3Il3mi9in3tilIUnm (prestressed post- 
tensioned two-way slab) til flat plate ttitU|9ltilffiMMntilffitiltU IB1*UBn9it3HMtRftnB|9Rt3 

i i 

9M9il3nntiimflmtimmni3Tffii3nTl3imiM u banded tendon tiiHmstimiraHwflltimrafitirmti 

Li Li]Li Li u Li u Cl UiLi 

1 

islHBiijnMMiiuMntjntiiriiBM i 

miIUl3tBfifil3Tml3IW StiffintiltJ U camber MSTHSHISMlJtMSISMTHlUfflJRnJlRMHl- 

1 U -\a V u u 

HlTRH8fTlfiTiinSRTHinJ19 1 TtIMSraHStili31il9 USR£USl3HSiHStillRlt3tUHlStUR[in:iMtiRij 

Li | Li ef Li U u 06 & 8 ct is- 

tiiainnarninimnRintiiraRaTsntsig i uniiJmigfR tiitftm9HRMRriR[insiiRmrausR£iJst3 

ct eu Li i Li eJ -vj U U ct O Utii 

l i 

UJlHJttjfi (partial balancing load) W bal <W D + W, M|HlU|tinSR|HltUl|pS tiBUttmsIfitiJTJB 
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g.fen piMBrauan w w =w D +w L ntiiausntijsa w^ ;/ xt3fi5tnsnraHpn? 9.14 imsHtstam 
Me sti Mj smnnHisisImasfij s stiswL ufaem 

O Lj Ct U Ct 

1 

RtiTfnt3QR?ntSlRt3ra?ii3tSlRi3Sri38 Si3Sfi3tli3^CU!J[UnCUntJSRmStUSt3 (unbalanced 

iU nc*ic*tu n <3j ^ v 

loading) T?i!tnSSSCUltllffimJtJlfimSHRH1l3fdl3fitMltlCUtJ[UTlCUntJSRCUSl3tSllWRi3T?Tlt3mt31i3 
iBinaranaiiJtiiuai^lauJimHHtinHniaia m s sd M L uJtmfinn unbalanced load w w - w hal 
RarmaranaiglMiiM&itiiw atiMnM&ii3iTmHnt39MBHm5TnftnB9TiJB8fitiiTfTiH: 

1 U 1 Uct w L»u^j7jLi 

SfJS 


sratfta 


t _ Ps M s c 
bh I L 

(9.15a) 

P s M s c 
fb ~~bh + i L 

(9.15b) 

t _ P L M l c 
bh I L 

(9.16a) 

r PL . M L C 

fb '~bh + I L 

(9.16b) 


lainaMHfnimtiiB* hrjj t Hnmtj^jMnMSfiaitratiHiuMRimtii mimHfyj b niuna^jMiiM 

81i3I|rnHUtiHIUMIUHa. c = hl 2. SS13 b = \2in. WltS 


iinm 


n _P S total 
6 L 
P, total 


tfifimtilTHfitirmtiimm 1 tHRimHHiaUBmwflfiH (service-load moment coefficient) filTHlUR 

tu U 1 U n i v '■* U 

CU1PT Me S13 M, masstutiisn chart ISlRtiiiJS £.90 fi3TH1UCUR8[UlfmtlSS1i3Hfj 1 IRtflSlH 

O L, u ot jj Li 8 sLj 

fillhHHtinRfdTHIUHHanfiltjHIS BtiHltjtnBHfimtn ttiCU Bx , Stifle', HBfniBlltlJ+ M Sti 

IV U v i-y i-y I jl. I z. in 


-M ISlltBltlltiS L r IltamilJtim By, y&By\ HBfHIBllWHHlanHJtiinB StiHltiHISHfi- 

c^ru-^Uct v c*. I s z* I s jL in v w- uv 

tumisl ifuicutiillti l v wjtim i ffiHirafiititifn chart tsimams £.99 tiwBflnnhwniiwnti 

0 y u c* u u ^ c«v n v c* 

ffl JntlflFi ultimate bending moment coefficient ISlRti plate TORl31|yf1i3]tfll3nJSfi3tj1tj 1 


mnsfiTmwsnnmfititrmtirmtimsRi 

U c? U & / U / U 
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£.&. tJMMtam^l3JUMntH1CUt{Uf1t3tSnt3 (Flexural Strength of Prestressed Plates) 

d.d.9. HHidRtUlSI M u (Design Moments M u ) 

IRR1U1R design moment M|jnu bonded member i|dfil3|?Tll3MigQHSR[inFiiJ3lffitJS) 
ifltiBHti MJtiCUTJtimCUntJSmHJitUntarafiS^tJSmHtitUlHitai tilHffiSil secondary moment 

71 w 61 dj 1 U dj 1 u J 

M s tendon 1 HHiam (primary moment) M x Si3 secondary 

moment m. RHiBWtnnmalnalSuBnwBiaiiJi i titnss MTHiumHnBmSmi mtntnantnjnfn 

j lJ ctti, v U su dj c* 

IRBHii net load M net TSlRt3fnr?TClJlS1HHt3tJaUtjt3XHRCin Sim.'IlJtmntHinH W bal rd^HlUfm 

ImmifiMtiniuia i 

l n n 


ffBijutimtJ m u mtnumriuijmffffffij 

9 n i u U 9 

fiJMSra My = P e e = Fe til primary moment, M net til H Ht3 Eli S tit u tU U llfTl tU H rill W bal , 
m s = M bal -M x tin secondary moment, ttrim m u tiiHHianauBaiHHimfiJnraiunnirinBmHnim 

W u i STS uhtirLTHHlirn ciin design ultimate moment 

M U =M U -M S (9.17) 

ItBtimMMtiHHtillJtllinBIRRHIBn 

l m v 

M 

M n = — — (9.18) 

iRHBfnmiraaiBRHHiai9Tii5tTitii elastic iflnranmranmntiiuiBliwnMMtiHHialiJtiiinBmR 

in v vJ -o n l n v 

HIS M„ IBiTRtiBTHIBlRiailMRHilHHtiRTHiRlI ISlRimiUJHlJm 

ISlinUJltitlJIfitflR bonded reinforcement iSljm3S[H ltStuitinHSJm|URl3{fnt3HUjUJH1 
TRftnBlJlRUJimHBItinHRlHMHRU 9.19 St3 9.20 IBlSHHtiHltiHIBllJtllRimBIUJimTBMlHgnMB 

L»u i v cy U n vJ di 

MTH1URlIlJlRUBRMBRinBBl3IRBlfffl3 UtstIIB*IlJimfnRimilJ[lIHBBtiU3fnHItIIIlJtll9TUJltmH 

U dj va> W -S» 1 jJ 

RimiuaiBRHHtiifffiaJtTi inelastic fanniturmiBlfiatjEiR & stitinn § i 

1 v vJ -o lJ ct V V 

IRRnTtfHHtiHJtiHIBIRITU (modified negative moment) MTHIURimBIHHdltiinBIBlTRti 

wUtjij- U v U v cy U 

HSRIRIBiRlaitllti rdTHItifnrtiinUSRtiBRI *1 IRmBIBRlrfutifBRHH&BTlaJtn inelastic MTHlti 

1 ctc'Li di u ot c* V vJ ~o Li 

HHtiH5tiH1BIRlBlintll[lin!lJtlIHHlaiBlTRtiH8R1RlB18TRitnBRlRUBm lUimflTfiftnBIfiMRn 

V iy v U i L»u o- L»u xJ 

finJlSlttflKJHBfj] co p VcOp + ld/dplco/co')^# 0.24# IB luimHjia^niiBjRiHHimraaiBR 
HHtilBTliJmHBTRfBtiia lOOOf, IS 1 

V !aJ -O Lru l 
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gsimmii d.b uiJinitmawHHnJStmTMlfnmrmaMHHniBniaMTHiutiiRSiin service 

in -o Un U v Li 8 a 

load sti ultimate load aamiratiiBRHH&fffialm ineaisic iiJnranmnirimn^miJniTHftnaiTu 

V vJ -O n Liu u 

lalnamfJfnmiMMin 

c* i n 


0.12 


a,, without 


^ ' 



at corners ^ 








1.0 1.2 1.4 1.6 1.8 2.0 1.0 1.2 1.4 1.6 1.8 2.0 

Ratio Of spans * - i r /'. 




: edge which is discontinuous or which is cast monolithically with support. 
: edge which is continuous. 


Figure 9.10 Service-load moment coefficients in two-way action slabs and 
plates (Ref. 9.13). 


pnanipmsmmmpniiimiinjSaj 
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U.B.M. coefficients a and p U.B.M. coefficients a and p Ultimate-bending-moment coefficients a and p 


mmlgjimmfjiuiiawfai 


NPIC 




Ratio of spans k ■ l y H t 



: edge which is discontinuous or which is cast monolithically with support. 
: edge which is continuous. 


Figure 9.11 Ultimate-load moment coefficients in two-way action slabs and 
plates (Ref. 9.13). 
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6s. e). Banding of Prestressing Tendons and Limiting Concrete Stresses 


&e>.9. (Distribution of Prestressing Tendons) 

ifiMBHTsmrinw plate i miMBnrnitnBin 

~t. Li - 1 t] Li Cl \J Liu C 


inMR|jntii tiBiBs irrhStobr 100 % it3cu|R!i§§jHiscusl3 

TRftnBtgiiJimRTmtiinHnaBMifllriiiRtitn 1 

Liu Li u ct ct ct 

mnBatsirmraaraRHHtiHBtnBtiiminriMmHggaiuMRTtntii mBfnraainraHtufiiBl 

V a UinULiun 

1 

inranfRiwwMi 1 tiiltnn inHBtnBiuintitiinafTiiTUHtii^fTinimtffiairaBiB tendon iBlntiBtifR 

|J 1 ct Ll U Cl Ll ct lJ 

iwmmiib iJtifninimRiBlntiiug d.6 tuimiRTRfriTiJim tendon iiJtiiiBiMtmBiRaBntRmuntii 

u ct u Liu Li ct |J Cl 

from MTtnmtuatiiu HHtin65 tsl75% RtigMBHmsTRftnBTgufrmBnfRMMi 8cin:tt3tutRTRf 

c? Li c* u Ct u Liu Li U Liu 

inntRgnttiMin staisssjufj tendon ftirogiHBintfrmHHiaHBiRBMJTJ 1 

O U vJ 1 u U 1 Cl 1 


tsfti iJBRinitunuciitiiRHstsiRTHinisimiBrniiJBRTtntiJBHfiiiRaRiiiJtiiggtiraMfiiMaagga 

vJ u U 1 Li SC V Li ct ct ~t> 



Column strip 


Figure 9.12 Bending of prestressing tendons in two-way-action panels. 


lunsfiimwsnnmfitifpfitiimtinrsM 
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BgiaiuMRasBntmwMMnMaaHmfTinuaiBBiriiiJtiinBtiiainiuMnTHitiisim i biiIr 

RtUlltUttyiaiJl slab band ^CUtSlHHtt3lffi13njmWfi3fiJJnJ 1 titHSS miratilBfi U banding TOM 

itJmniRarmaTRiini9TaiBlmHmnimiafni!ua!t3RHH6ifii3Bntmt3MMi aaBUtnminitii 

U 1 U L»u e» vJ v U U n 

tcui3 1 tfiltnn ramsra 70%taiiJmniRi3TsnaTKftnBmHtiifiia1ni3Bntmt3MMi isistmnatii 
BnfmwMMJBiaTB 70%isHHt3fdra itamBntfinnjntuitutiTBBf 30%iaHHiaMimiJtiiiBiMtii i 

U u U1 Ucic^Uu U 1 

ras d.9b utnrnfirni?naiBmiJmniRaTsni3iBiRti9Mrii?ni3m , i mHimnimin/ifimm 

U in -o Li ] Li ct ct 

bibI itJmranarmianaBiittiiiWMMiTHiHiantinmMBffi iBtotftaiBRTHiMfinntiJsim ttrira 

U Li i Li ct U Liu Li Li a 

nwiHHHuiiniuMfnmraRaTmaialniaBntRniimtiiitiiaHaTHfBtiia etJaiamHiMRTintiisiiniBi 

U 1 Li ct lJ r> o Lru U U a 

Rti TmaMi3RHBTHiBlni3iunani3BMaHm5niinaH : iHtffiaHButimMaa i25p«(o.90MPa) *\ 

jUnuctjct u V nj \ / 



(a) Slab RP-1 strand uniform |b) Slab RP-2 strand banded 

distribution distribution 



































-r 





III 


60.0" 




§ 

r ' 












































(c) Slab RP-3 strand banded Id) Slab RP-4 strand uniform 

distribution — one way distribution with additional 

mild steel 

Figure 9.13 Various alternatives of tendon distribution (Ref. 9.4). 
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miHiaHtnBititatiiHsnHimiminitmti plate tTunarsnauBiJtiuiJuniainaiuB £.9tn 

n <*i I 1 UiU u V c^u 

uiiinitsimiiTUTutiiiBrninTiiim tendon iTURarsnaliJwinBminniiiJtimHBinBfiBntinBliwfnti 

LTl ~o Li Uu Li Li i Li y ct rp 

tflUlB 1 Banding IUMfTlUITURaTSntilJtSUiJl[Tlia1ni3ltin (b) tBIU tutU HISt uRiiTURtiTSflti 65% 
IBl75% IBlfitiBntmWMMJ UnRHnBTTJMBfiiritjltilR tiiniMMUlSBtUBfTinitil shear -moment 

c* ij U rp n rp Oi 

ts1^H8mRS|HMMnHfjRumnj8ndniSfiJ i 


&e).b. RttTmamCTlRtUlRmMtURmTfnHtURSIUlUSmMflflH 
Limiting Concrete Tensile Stresses at Service Load 
&e).l 3 . 9 . fflJClRUtgita (Flexure) 

ACI318 Code RhhRRflTRIflSiniRfltHRflMTHIHHflfitTHRflTRItitljHjTflHTflflfBnRRHIS 

lU -o ct i Li n Li i Li e-J Li Li 

MIHUJimminHUUna (flexural crack) 1 81fltTfTlHtjimHRflTfnflHSnTlfiHRHJH1tSlRflHflfitTH 

ct n ' U cu i U i m ct n U 

i 

RatfnaM|tnunuBHHtiitiji39: 

1. {RSjit^HHflHlflHisttiHmsflmmtsmtJRHSjmiunayfia efJfpsiigsfJf.MPa) 

2. TnsmtiHHflHlflHistSthfnsrrijmsmStiJHsrfltmRflTmfl o 

Li vJ y uj- ~t> tx LiiLi 

3. [RSJlt^HHt!!tiH1StilHmSt3mmtSmSnHSrt3t|Unt3{?nl3 2fff psi(o. 166 fjf MPa) 

4. TRBTlltiHHdJtiBIBIlJtlltnBfniUIBHIlJRHBiaiTTIRaTma 0 

u w di u st> tx Li 1 Li 

5. Ra|tntiMamaiRaraRa c i|RiHtUR8niitiimtiiR. 0.60 f c ) f c = 0.45 f c 


&e).l£). 1 a. itifiCIftkl (Reinforcement) 

fRBpttiHUjmtniUM bonded reinforcement iflimiWRttliamiJtllBlHBiniJimMHRlI 


9.20 8113I|R1H R 

A„ = 0.004 A 


(9.19a) 


itlCU AtilTRBTlltiIUMttiRI3H8RlRBIB18ltiIl3RlIBl[TlIlJimRliriRmlJU3tilHmBl3BTUfiBHBIUM 

Ll vJ Pn ot ] cu Pn ~vj n 11 U ] 1/ 

gross section 1 MTtnUTRBriltiHHd5titnBIlJtlIRl3Tflil3BlfmBlRl3raRl3ITRlHtlIR8[mnBRIBRlIB 

Li Li vJ cii C»- ] Li -o ct l Li 8S<^«=» 

fllfl 2^j J~. psi((). 1 66^/V MPa) IBl«RR[mBl|RBJlttiHUJUItnraM bonded reinforcement H 


A c = 


AC 


0-5 f y 


(9.19b) 


nmsffrsiafsammtitmfftiTmtinfsaj 

U e> U s t U i U 
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tt3cu iv.tiiRarinaffimialnaraHaiiJtmmmtiifititmiRuamtji aauaRHitsimBiHmm ttiira 

l i U n v 1 

f y = 60,000 psi(4\4MPa) 1 [fi <3J\l $ HUJU 1 HIJU fd 

bonded reinforcement ISlRtiSMSHffiOTRltnSRnflRH 

ct U L»U 


ttJcu l = piialwaisIntigMLMuiglBaiiJRn^aiiJwtHftnBniinH 

h = R{H1fdR{H1EUS[Ul 

mTRlnTaiffi^RnTSia^CUSSCUtnsnfdHfni 9.20 nti slab band width BimsiSIUJWtnBTTjlJti 

Liu Li Li u ot tu *J Li 


TUliaHUTUIHlIUM bonded reinforcement tSint3msnid!tiH1SRnWSt3HI3JfnRUtS 

Li eJ c*LivJ<iiU>’U'^w 

clear span 1 TTJtitiHftjtnBITJM bonded 

A Lru U nLioJ^U M- Li UV 

reinforcement !SlRt3TRSmtiH!tiH1SRJTRJtnS^inUt3R 1/6 IS clear span ISlinJTtftiSHffiOrafj 

ct Li vJ en Of- X) Liu Lfl A Li l u 

S|H luimmiJlRfllBlMIIMBltilW 1 Rtitmti f ps IBlfitiftiRItURtitmtilUTlH nominal strength 
UJUJfflHBintfim ACI 318 Code |R!tnS^tU^J§t58im|fTlH 
fijfltfltf Bonded Tendon 


sa Yp = 0-40 Munu f py /f pu > o.ss 
-0.28 hiynu fpy/fpn >0.90 

IjiMBrainnmiJmafniMaR isi§r [/> p / pH //' c +(<i/j p )(m-m')j tslntiranm? 9.21 {RltnsiR 

tfJRHS^jRQtjia 0.17. Itfim d' HBJRftfrjlti Q.\5d p 1 

NlftVj Unbonded Tendon IlJniHIBtinnBjmwaiWRtjmMRtHIWSnil <35 


A, = 0.00075 hL 


(9.20) 




(9.21) 



(9.22) 


?UW f ps <f py <f pe + 60,000 

Unbonded Tendon IliWHIBtinnBjmWtilWRtmMRtHIWSnil >35 



(9.23) 


few f ps <f py <f pe +30,000 
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&e).l£).m. fiSItifTIfi (Shear) 

flat plate: nominal shear strength IliWtiWIlhmiUnaiallHtiBUIMniUM 


B n = RtHflBtjiaiRRaBHIJnH 3.5 ah (a,d/b„ + 1.5) tutu a, lMBa40 
MUnuMMiBiana sa 30 M|jnuMMi8ia sa 20 MunuMMifnB|tia 1 
iBlnaRTHitiisiiniiJtiiHiBfninTiJimfTimTTiRaTsna irhbrrh v„ is raHsSuBigtsfimtutiiBitnB 

ct l_i a Li LiiLi li P 7J ct cu 

namnrunaBinJiHiTRmnniamuiTURaTfnauTnTiMialnarniRnaaiiBHTtiiarainniiRBiamn 

ct Li Li Li i Li Li is- ct eJ Li cu 

IlJtllTBUJim tendon IlJtlIRlRmHH8RlRITRl*tSlR 1 1tintifflH ACI 318 Code, RlBBIIlilRIinilUM 

Li 1 Li ct v* 

HSRlRMMIRIIBllRTIBailJtllHatiinBtiianaiJaRTHIMRTHltllSim. f' IBiRtiMHRlI 9.24 HSFTJG 

1 wwi wULis-'Cct w 

ilia 5,ooop« tuim / c ta1nasri3SHtu9HS{RjRBiJia 125 psi yatiia 500/?«isi 

TtiMBraiRHairiBuirirTitiiRBimmaiajiB mmmnmH v r tfiRtHuJwRBtjiaiRRaBinjTiH 

Li -08S li CU *■' CU V ct 

1 

MHRlI8iai|RlH: 



V c =(/3 p fff + 0.3fXd + V p 


(9.24a) 


IJ nominal unit shearing strength n 



it3cu b n = minrRraMH8RiRiaRHiaRiRiTHi*tSiRialBHim d / 2 nttlJurasTH 

U Li 1 nj Li ct ty Li 


f r = RtHHBTHiuMRatHiaiaRiiMaRTnMBmnTalRaraRaiiJtminintiiriuBRHafRasia 

J C cu U 1L1 n Li c 3 ct 1 n e* 1 n 

ITRlMTHIUBMrillRaHIIlJtllRimaiialTRtiBTUfiBHaiUMHBRimTRimRIJTIRUtiira 

L1L1 ct Li Li i *s \ Li Li 

na^a naina aci Code imfp f pc > 


V„ = uflnmTnBRHiainiRaTfliaTUMBRinBiaHMIlJtllRIRmHHSRIRITHIJtsIR 

p PI EUJ cu U 1 Li Li d \ Li ct 


(i) V c = 2 + -^ fjfb 0 d 


(9.25a) 



(9.25b) 


(6.25c) 


tacu B r = tiwiBtuTtiaiiaiwTtiasiuMMMi uTRBmtiTJBRTTJHtml 1 

' L U Li 1 U I EU -vALivJ^^Uyn 


mnsmmcusmmtitrmbfmbnrsM 

U c? U & / U / U 
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MBfTlI 9.25(a) 343 (b) tjlWStanjraMmjntfiJlGttiCUtJainitri ISlintlJtiUJIBjtJ b Q /d iRsiajti ISIS 
nominal shear strength V c ltinJH1BIRRtnBTjmB8 tiBIBHalRtimBRinfumBS MHfTlJ 9.25(c) 
aaHatiiuiiJimMiififnratiimBMfHfnn i 

1 (U ~t> 1 O. 

gffJBiJtjlU (Continuous Edge Support ): MfmUUBfinj&im BtiBtHBtitfiHtiBtjlBH SHtjmiH. 

TtiMs lURHiainiRiaTinaraMBfnnHBnBtiia 40%ism3TffiamrrirarjlSnnT§t3 isisnmsntifnfi 

Li tu Li l Li Li e? V ]Li -o Li ]Li 

hbettir hBujhiH 

v„d 


V c = 


0.60777 + 700 


M, 


K d P ^ 2 777m 
5 777m 


<: 


(S1RUS) 


(9.26) 


V c = 


a/77 , ,Vu d 

20 M„ 


b w d p > 0 . 166 VAM 

< 0 . 4157 / ~ c b w d 


(Bin si) 


liJtii Zj w [RJtnstuntiisst3QUjn rmm v u d/M u talBHim j p /2m^rarjs[H, d p >0.80 h i 
niH 

m 

777 IBlRl3TRUMHrniBltiIti}9ii3HMTRiR[mBl3IHH[mA = 1.0 MTinurafitigHaBHHI. 

A = 0.85 sand-lightweight concrete Sx3 2. = 0.75 all-lightweight concrete 1 

tmn/mvitimtr (Shear Force Coefficients ): 1 fi HI B R Ml fi hi H {U UT1 R W1 EIH U Ed n HI 13 HI R 
HBHJHiisiTRiiljilrafjRTHinjgniinjsrditIcuTSilSRnTaitiJtm itliffiliTRftnsTsmHmniiiraTmlia 

Li i Li a u U vi> Lry Li n Li 

V = ^wL s ([titif) (9.27a) 

V = bv’L s /(2k + 1) ( $13^13) (9.27b) 

iticu k tfittoRfmcutiillti l, ttmcutiil l s i mmmTHmHtiijmMTHiijRTHicuitlcuTRftnstJliij 

U o' «=» w J U nu) a Li U L»u n 

u tjiii?riHtjmiTmiTtji3sii3tJS i MTHiHRJMtetsisfR iRTRlmRTHlRnrai3iBRRtfil3RiR stinu 

-oi n U i i) U U L»u Litj su 

ratittsR Rl3T?nl3iJlwHninnjnmt3njMfnfngt3imjliffiOJinStmnjfnmliRHil3fTiiiis1ichTtjl3tjiijG 

i U n o 7 j U ot tu U i 

£U U 1 no n 61 

ACICode HSmiR§mtt3SRtril3RlR 15%lSlT?il3STHtjTO81l3m3SHtlJriJTtntj one-way 

lm^Jnsu U Li ct w U J 

action 1 
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6s.fl Load-Balancing Design of a Single-Panel Two-way Floor Slab 

Qmtmand.9: 

Two-way single-panel prestressed warehouse lift slab 20 ft x 24 // (6. 1 0m x 7.32m) 
UWlfmginaiUB I JlTRltnSTSlSllChtjmitifltlSiatJSTtjll ttflffiHSfm rotational restraint tffi 

in -o c* v Uu U U 5 - u U| 

Tfimnftisstas mBmBTtiarRitnBBtigamilHtll (torsional restraint) 1 RTHItUSWlTFilTSS! 

UU lnUiUu w v ' Li sL/uLiu 

superimposed service dead load l5psf(0.72kPa) UlSHnitUtJSR^ItUnjfjll gt3|SSf service live 
load 15psf(3.59kPa ) 1 mHSHSC7Tl§jH1SfnnE^m[jTlHmn full dead load *1 





E-W strands i~ in. 

7-wire at 20 in. c. to 
C. — see solution) 


N-S strands ( 7 i"- dia. 

7-wire at 17 in. c. to 
c. — see solution) 


Figure 9.14 Two-way prestressed panel in Example 9.1. (a) Plan, {b) Section in 
longitudinal E-W direction, (c) Section in transverse N-S direction. 


M^RndSlRIHICUStintil post-tensioned nonbonded prestressed two-way floor tultinftJ 
mUITUfitittnti 7-wire 270-K Htififafi l/2m.(l 2.7mm) 1 m§TSSStfJt3Q81t3UmH: 
f' c = 5,000 psi(3A.5MPa) TOfitiSHStiHfn 

f' ci = 3,750 psi(25.9MPa) 


mnsfiTmwsnnmfititrmtirmtimshi 

U c? U & / U / U 
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f c HRtlJHIRtiSfJ E-W t£3tU!J[U11CUn net prestress I|TnmRUTlHUti = 200 psi 
f c HnmH’lfitiBW N-S ttiwuturicun net prestress 
350 psi (ACI HSHTimUlfitiElj 500 psi) 

1 i rn v 1 

f c (combined stress) = 0.45/' c 

E c = 57,000^7^ = 4.03 • I0 6 psi(27.8 ■ 10 6 MPa) 

f p , <0.70 f pu =m,000psi(l,303MPa) tiBfniBlHBmtflHJ ACI Code 

fpy = 240 , 000 ps / ( 1 , 65 5 M Pa ) 

f pe =159,000 psi(l,096MPa) 

E ps = 29 • 10 6 psi( 200 ■ 10 3 MPa) 
f y = 60,000 psi{4 1 AM Pa) 

E s = 29 ■ 10 6 psi( 200 ■ 10 3 MPa) 

Btamxjtmtn: 

e s = e L = - 1 = 2.0 m. (5 1mm) 

I^MntiIR|jnMR|jnW8[mtmnn^aiI^ranDnWtiniIBju!wi3IWR|jnM(span-to-depth ratio) 


= 45 

, (20 + 24)xl2 1 ro ^. 

h = 2 x — = 5.87m. 

2 45 

EftttSS fiTIRtUTl3RTHirjRTH1tU8[Ul 6m.(l53mm) ttfimMBflHtinBnunlj (duct) = 0.5m. 

V Ed Li Li S'- / n 15- x ' 

IUimRHM|UMgfnn d p = 6.0-(0.5/2 + %) = 5.0m.(l27mm) 1 

UBfflUBlJ (Balancing Load) 

> 

W D =15 psf + -^xl50 = 90 psf(4.31kPa) 

ttfimfiJlJ balancing load TRfWSRTHffdTHlUfTintflU U camber IlJtmmmtIlriuBmtSnMMBT ISIS 

« Lry Uu U -\A n dn ^ D U 

fiiasi w bal = w D =90psf(4.3\kPa ) 1 wimitfimimi / c iiJnranmwrinHii3ipRi3|mi3=200/?si 

( fdHRRH) MBnfitiinarmaiainaBM e-w i usiuHnnHimranarfnamMSfnntsinaseii e-w 

W* wb wk 1 Ll ct tin nj Ll 1 Ll Ll <5? c* 


fi P L =200x6x12 = 14, 400Z& RtiHmBWjfi BtinMHfTlI 9.13b IffiUtpS 


Wbal(L) ~ 


% P L e L 


8x14,400x2 


L\ (24) 2 x12 


= 33psf(l.5SkPa ) 
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Uplift tuCUTfiltatUiultlJ tendon ISlfitiSfdS (UBR9BtiTRjTBttJimfwtiIBllWBH8) fflffitfl 

A Lju n ct m <2j L»y U *5» cu cu 

w bai(s) = W D ~ W bal(L) = 90 - 33 = 57 psf(2.13kPa) 1 nfJHfnJ 9.13a 


P S = 


Wbaijsfl _ 57x(20) 2 x12 


= 17,1001b/ ft(249. 7 kN/m) USTOnRUTI?nJi3 


Se s 8x2 

Rl3T?fll3Ml3mslRmtJ?imTmffiRUrifitJmslRl3mmmRl3T?nl3Rl3SriJ N-S R 

1 Li n c* i U ct Li | Li ct 


fc = 


P s 17,100 


= 238 psi < 350 psi 


bh 12x6 

tofininmtiiRSiiin titnss nummmnmtnti 7-wire 270-k h^rSh 1 / 21 /i.tatnBRtritiiTTj 

'OS Si V Li Li 1 U n U- cu Li 

Ri3|mi3|UM9fnn P e =1 59, 000x0. 153 = 24, 327 »(l08.2UV) 1 

wanesmtJimjtBftttiaajN-s r 

Ljy ct 

24 327 

i, = — = 1.42 ft = 17 m. (432mm) 

4 17,100 

ffantmmfmnBlftijgajErW r 

Liz/ ct 

t 

24 327 

= — = 1 .69/1 = 20m.(508mm) 

14,400 

Gtimtai RnriRmtjriitRfipBaRnriRiiJwtnaiimBfi oibI stititBRttnwRtjntiJ) i 
iBHTmimifniraRIURaiBiTRlaRnB anchorage ISiHilmiti UlBHUjRnHRlHBJiaiTTJRiaTfllti 2#4 
( 12.7mm QSSHJ) RlHtmunm anchorage line 1 

ftiJltniJUSmtiJ fl ft ff (Service-load Stresses) 

UBRHItSlIMflRH 

W L =75psf(3.59kPa) 
aspect ratio 

k = ±=”=l. 20 
L s 20 

nras d.90, reti[ihHHi3MTHitjHH^R[unciJinjl3HBtJJHiislRl3sri38 stasratftaB a N * =0.062 

V IV Li V c\cf Ct cu ly o 

S13 =0.035 njtiRl II^mMBRtslRIBltiaraMRtHiniSn^tllBMtRitnBBUBaRlIIHtll 

(torsionally restrained) 1 

imaMBRtjiraiiaraMBfTiriRiHBMs stisratfti 

Li Li e» CU 

L s = 19.5/7 343 L l = 23.5 ft 

VV&Uaftftttff (Live-load Moment) R 

M s = 0.062 x 75 x (19.5) 2 x 12 = 21,2 1 8 in. -lb! ft 
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Sti M l = 0.035 x 75 x (23. 5) 2 xl2 = 17,396m. -/&/ ft 

BHtiStiCUfnnfi 

V 

= 12(6)_ = 216in 3 
12 

ntirenmmiittinjunmnjmarimtfr: 

t Lt I n « 

ntiTfntattJfitittJfimcuncuntJsnHttinsintasrasH 

1 U 1 n ct 6jj 

= 295 psi(l.03MPa) 


r M s c 21,218x3 
/= 5 


/, 216 
/ = = ^ 7 ’^ x3 = 242 psi(l. 67 MPa) 

RtiTffltifnBHmtatJ (combined axial stresses) ttiWUndlfUnUSRtUSti StintiTfntinFitJttintitltJ 

1 U rJ (T-j ' n <ij 1 U n*n 

(combined flexural stresses) ItitUtJnJTinjntJSRmtiJ C nfdHfTU 9.15 St3 9.16) ISlRtiSfdS (N-S) 

1 1 

mtmji 

m 

P Mr 

f = — = -238 - 295 = -533 psi{c\3.6mPa) 

bh I s 

Si3 f b = -238 + 295 = +57/xs7(r) atJltlillBlSmHRij tPTHTKtiTinJtnS ) 

nptinslRiisfiJilia (E-W) 

f‘ = -200 - 242 = -442 psi(c\3.05MPa ) 

Sl3 f b =-200 + 242 = +42/xs7(r) OfimtnCUtnS) 

RtiTffltifdtifiHSnTlfi ACI R /. =0.45x5,000 = 2,250/75/ lJ3njflB1SmHBtj1l3Rl3T?nl3tjimfi3l3 

1 U n 1 m J L 1 su 1 U n 

titnas fitiinmtiiR8[m 1 tiiHmaaRarmantimtJiB* inHitsiRMTHtiiRTHiMRTHitiisim^nMtitiia 

v "o q a w 1 U 7/ bu U U a n 

6/«. m3mMlSnjfnn^imEJituriJirasnHi;tiJHiQsstiJtns t i atuntii RTHitusniiuiSnmniJiu ia 

<=* <* w U 3 n 

camber irrriHHiriuaRintsiMBTialRaqgiuiiimias BamtuHRnBSRtusm 

U <ij t; eJ l (n dj 

[ffgtnstrffncittltl (Deflection Check): 

imarRRnaRTiHfTiniJiuiflirawiiuaRHitsrfRuiiini* 1 nttncumjEEntHmsG raatns 

Ujj eJ e* 1 run 


A = 


5 ML 1 
48 EX 


I s =216 in. 4 
E c = 4.03 -10 6 /7s/ 
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, 5 17,396(24 xl2) 2 „ 

A E _w = V . >— = 0.17m. 

48 4.03 10 6 x 216 

A 5 2 1,2 1 8(20x1 2) 2 .... 

Amo = „ ^ = 0. 15//7. 

48 4.03-10 6 x216 

fnni3ltJR[UlinJltyl3HGjH A = 0,17 + 0,15 = 0.16m.(4.1mm) 


mniJiuuJtiiintiBBtiimRtnB = 


Lc 20x12 


= 0.67m.(l7mm)» 0.16 in. 


360 360 

tiBtas imairiBiBfniRimmfiBriitiiHmBaRTinMRTintiisim 5.5 in. 

V e* 1 U L| U 3 

RtifilimititmiMNtiHHij nominal IUMRTinnimBWnnil:raUTmBl3HtTBUBR1 namimiBS 

ot ] n V Li a Li Li eJ u a, ct 

h = 5.5 in. HSHlStURtUllTEiU TmBMTHItfrjWMiaHHij nominal tJBfnJTJiJUTlBltinmH 1 

8 U U U 1 n v 1) Lfl-oU 

tm m nominal 

in 9 

W„ = 1 .2 x 90 + 1 .6 x 75 = 228 psf{ 1 1 MPa) 

titim iwanjMBfnnmHBMS l s = 19.5/7 

7J ot Li c3 cu J 

IwtiftiMBmnmHBMiia l l -23.5 ft 

HJtJS £.99 IHRtinHHtiMTHlUHHRtHRtiriHRtJJHlR 

V 1 V Li V 1 

=0.072 

S13 a £ _ w =0.038 

tfffrriJfffijN-s ran ms 

1 

M u = 0.072 x 228(l9.5) 2 x 12 = 74,906m. -lb/ ft 
74,906 


M „ = 


= 83,229 in. -lb /ft 


</> 0.9 

GCimtjl RHiairaRarsnaiBintJITR^aufllBSHBtnBUlSn secondary moment M, lulffifiTIJflHS 

cu Li i Li ctUUm n J J 

1 1 

HlSfnntjimsi[Ri3pt3SR|HltU8n01 IffillHlS A ps =0.153 in. 2 tslttu 1.42/t nHRjlSlHRj 
(UtaJtnBMRHB) Sti A m /f =0.153/1.42 = 0Alin. 2 /ftt 1 utsfH fiBItilTUfitiTmtiTTJMBfTin 
/ pe = 159 , 000 / 75 / i titnss RiamimuJnj A ps itiwijtretfiia P e /initial A ps tnfttffnnuBm f p ' e 

0.11 


Pn-s - 


12x5 


= 0.0018 


tinnBjmwaiwntjnMRtjntii = 20 * 12 = 40 


nrJHfTU 9.23b 


tmsmmmsantmPtrmPtmPntsm 

U e> U s / U / U 
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fps=fpe + 10 , 000 - 


f'c 


300 p 


<f py <f pe + 30,000 


f ps = 159,000 + 10,000- 


5,000 


ps ' ' 300 + 0.0018 


= 178, 259 psi 


< f py = 240,000 psi < f pe +30,000 = 189,000/25/ 
<f ps WHH =189,000 psi O.K. 


A p S f, 


a = 


psJ ps 


0.11x178,259 


0.85 f' c b 0.85x5,000x12 


= 0.38 in. 


BHti nominal itiEUfFItsHlS = A„, f 

V H J I 


ps 


( a > 


( 0.38 ^ 


= 0.11x178,259 

5 

l 2/ 


l 2 J 


= 94,316m. — lb/ft>M n ti]\Slff\i =83,229 in -lb O.K. 

tfflffilfffiJE-W IffiUHlS 

f 

M u = 0.038 x 228(23. 5) 2 x 12 = 57,417m. -lb I ft 
M u _ 57,417 


M n = ‘ 


</> 0.9 

■ 2 


= 63,797m. -lb! ft 


A ps =0.153 in. RtJ 1.69 ft. ( HttURHS) 


A / ft = 11153 = 0.09 in 2 / ft 

ps 169 

=^ = 0.0015 


12x5 

/ pi = 159,000 + 10,000- 


5,000 


300x0.0015 


= 180,111/25/ 


O.K. 


0.09x180,111 

a = = 0.32 in. 

0.85x5,000x12 

HHti nominal itiEUfFItsHlS =0.09x180,111 


5- 


0.32 


= 78,456m. -lb/ ft =63,797 in. -lb /ft O.K. 

(29. 1 kN.m / m > 23.6kN.m / m) 


tmmmmijmtt 


/ n or 


HttURHS, aspect ratio it = 1.2 StinfilHElJ 9.27 

kw u L s 


V u =^w u L s =^x 228x19.5 = 1482 lb! ft (N-S) 


V„ =- 


2k + \ 

= 1.2x228x- 


(E-W) 


19.5 


2x1. 2 + 1 


= 5 69 lb / ft (22.9 kN / m) 


HfilHRlJ 9.26 
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2fJfb w d<V c = 0.6777 + 700^ b w d p < 5777m 


M 


u J 


IfitnB 700 (V u d)/M u =0 single-panel wall-support slab ISlRtigmUlilMSS 1 

isimammramsi 

ct 

V c = 0.675,000 x 12 x 5 = 2,546/6 / /t(37 .2JUV / m) » 1,569 lb / // 

tofiuinmtunsnin titnss BBturanmiMnnHimmiB* 

a a v u vJ 

h = 6m.(l52 mm) 
d p = 5m. (l 27 mm) 

IfUmmfUppti 7-wire 270-K l/2m. ItlCUHlSFiCUlfi 17m.(432mm) BfiHHfijiSlffRj 

m3SHN-S Bti 20m.(508mm) HRHSlHRl RtiSfdE-W 1 tiBRl ITUttiR 2#4 ( HtifiBfi 12.7mm ) 
STlHUIIUTim anchorage zone ItJwnB^mmH1|nRtjntlIBii3HM 1 


&.ti. XJJnsnXJnCUHmSfU (One-Way Slab Systems) 

RTHltlI8[mraHl3tTURl3TSnl3HmBMlSmiTMIlJtl3miBlBl3nHIlJimHBnHtslfltiinTtntlIBTH 

Li ss l Li l Li u cx Li lJ ct ct Li Li 

miheti unrmtiiBTHtiiutmraBiB t titnss tnMnnHniiBmrtnniHraBMtiiBHiiJtiitnBBBa 1 2m. t 

m Li U ct Li y O U u ct 

ir ^RmuiraRarmaiHialRaBMiBuiiiinmiuMRTHini itiWRiHMBtiRiHtatjith tiwinju 

Li l Li ct n Li d o U 

ItuaiWBBtilUM slab band TfifHlS ntHtStilti 2 iBHT^nnRHRTtntlJSimtilRTtntllSnJlHBIBM 1 

€5» Lru cu w^JUaUsw 

tmi3HiBi|Sfiin?iimiMniiR[mBi BamiMnjflmR BaiiuBBiiniimiBiRafinnB 5 fjpiu 

mjMRnlfnfi BamiMniiRimBriranBRTHinisniiiTURaTtnaHmBMtiiu ^ 

O vJ Li e? Li 3 U i Li u 

d.d. mngl Shear-Moment tfflNftHitiCIJ{9 Flat Plate 

Shear-Moment Transfer to Column Supporting Flat Plates 
&A.9. UMMtintntifTiri (Shear Strength) 

RHItifrmrafj plate SURTtntUStinnJSfdBtjl three-dimensional stress problem 1 tltiltiEU 

cu A U s A cu 

tnmi^tDRHiammTmjtsiRTUTtiRmHmtnTRiuMTRBriitiiauBR BaHiBBtnaiBiTniiBHiraiiJtii 

cu Li ct Li Li ei Li u vJ .Ji Li cx 

bo 1 1lJltDltiRIWRintija^RRlHRliriltilin BtiRlftmfi 
tjHIBB utiRHnaRlRHBRnBllRTIBtnm d/2 nTRBTlttiTTJfiRH UTRBTlltiUBRTTJHtmi 1 

Lieu cu u eJ ts u vl .it L ^■'vaLit-J Liu n 


jpnanpnmsanmaatjpnaitnani9M 
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TUMBiuinHaiJimiJnnTSaRHiarnHniMM wwwtiiRHiaR'iR nominal v r tiBRiigiHgu 

ttfim aci iRftnBnimmalnaMHmi 9.24, 9.25 sa 9.26 1 irhibijumbrii 9.27 Mununimn 
mn TTiimRraiinniiuMiHnimMTHiuRniiBiRHiarnmHRimBiaiTRi v„ iBlRtiRTHnnisMtiiuni 

EU Li Li i Li eu l Li M ct Li a 

SfiTEtiEU mH1TRIUMH1B9THClBd!in 1 

Li Li d I m 

d.d.lQ. Shear-Moment Transfer 

HHtimSEUSti (unbalanced moment) IBltRtittiMMIIlJW^9|HIUMR|jnniHBinBfHtil 
mild HmtBRlIMRnR[mBl!lJtlIITRl*SlRtiiaiRIBlRaR1IR[mRMimnTRH8RlRflat plate U flat 

W O Li ct ct Li 1 1 M 

slab 1 iSmniBimnTRnTRlBIUMnMMtiRHiaRlR IR91H91l9TH1BltiIHHtiiglMMIUJimRlinR 

eJ Li Li insu d* V 

maiafiJtiiRiRRiHminTRiuMMMi BauhmRtiTRiaRiRBiR§R tanmnnj 60 %TRftnBitii 

n Li 1 U is- Li L»u <ii 

uJimRiinRHiaia sa 40% ‘ ' i 


tstcuifi y v iBHHtifiJtmtiiuJimBnniRSRiaRaTRiaRHiaRiRtsmB* tBlinnjtaggtiiuw 

' v V W- 1 u EU 1 

ttitBH8R1RITR18^miJnigU9WHHtilRBigTa 

(A 1 u Ct ZJ vJ 


RTintiisimniMgfTiritiiBiJisniJtmMBa 1.5 flaiBRtinMRTintiiMiu h iBliWTtiagiafimiMMMn 

Li a Li e» eu O LiLi] Li i 


MtjnUMMI8iaitRl b 1 =c 1 + dl 2 1 RIHJTJM y f HIBIRBl^iaiUlRtiW 1.0 ftJMSra V u Rtstflti 
o.75<f>v c i i;s1[Ras{H8iana irhibuiSb y f 25 % [tiwsra v u <o.4^v c sa p<03i5p b 1 
RiiraalBRRarRiaRtnaRiRfiJfniRHMMiTRftnBuiJifmBiRaiug d.stii fiirnratutii 

1 U EU l-o L»y in -Ni ct ZJ U Liy 


mRURioBiii i uBtSo HRiTRltnsRnoRsmrntlirassnjtnsntamirjRHiafTifi g (BBimrmlMMj 

Li ct zj O Lry w ct eu */• <ii 




(9.28) 




(9.29) 



622 


Two-Way Prestressed Concrete Floor Systems 


Jqpans^Bnwmffmsamfftji 


Department of Civil Engineering 


HSluaHmsrmjSHS) tgHSmfitTRlHilR c-cMTHIUrrmtilshear-momenn 

(U O U 1 t/ 1 Lie* Li 

MTHiurninimRRarsnaRHiafnHHHniHiiiJtiiTRiTBTBtiiiJim plate iglniafiugTtjtiwMi. 
ACICode full nominal moment strength M n ffiftnBt 3 w 8 ]ItfimBnjR 

MMnBintiMHfni 9.30 iSHTtnmHiJtitiiHHtimBtiiBaiiJtiiTnftnBHimiiJimiHmmBiimmtii (tran- 

C* W 0 V V «1> Liu 1 1 <ii x 

sfer fraction factor) y v 1 BHtimSEUSti M n > M ue I <f> ffiftnBtjl§tiItfimfillt|R: BHi 3 tsi 3 R{H'ltU 
HltiHIS (negative end panel moment) M ne =M e l (j> SiSHHti {y u lf)g to 

UnmwrininamntriinTmHnimBinSH (eccentric factored perimetric shear factor) V„ 1 RtH 

n eu U i is- A ' u cu 



v u(AB) V u | y v M ue c AB 

<t> (/>K He 

v u(cd) _ V u y v M ue c CD 

(j) (j)A c He 

ftitmiMNijfitritifnn nominal R 


( 9 . 30 a) 

( 9 . 30 b) 


V =^~ 

n A 

<P 


( 9 . 30 c) 


to A _ =TR9TlltiIUMraRi3iaH8R1RITRl*filRMBR 

C U w di i i Li ot 

= 2 d(c l +c 2 + 2 d ) MjmnMMIBltiRti 

j = njn[m:iaH8rnmTRi*SiRMBmiJtiiTMiiJtaRiBtiHHtiBBtiifTinmtiiiiBH8RiR 

L- b 1 Li ot ^t. LiiJc*7J u j 

RiH 7 C MUnUMMIBli3Rl3R 


Jc 


(c l +d/ 2 \df 


M( c 


AB 


c cd 


)+(c 2 +d)dc 


2 

AB 


niRiturrmmiRitiiiBiHmBtiMmi: wwwtiRtntimfifi 



v PiniLiEu V u Lj 

raMBIUIIMMiaHHij nominal IBRUBltilHHti-RmafTlRnRimrifniRimBlIBIlJR 
njptiffigfitHtitjlti M m l$ imsiRRIItU M„IBlRt 3 MHmi 9 . 30 a Si3 b tjSfdcjj M ue I (j) 1 tffi 
inrotonfiMtSHHia M n =M ne +(y u i<j))g Hismnnstsjm^ffirmrfrinip^njafrijneimaia 


ipBtiiaR|HfmiM|jnugu9WBa M ue i<j> iBismnltiifnmiuMRpitiiinBRinRaifffa fltsiBjmi 
IRBI9Tl3RaTRii3Rini3R1R!lJtmtiI v„ tofitldS'infbBfTl? 9 . 30 a Sti b MTHIUmSfi full moment 

vJ ] Li cu W Li n 
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Figure 9.15 Shear stress distribution around column edge, (a) Interior column, 
(b) End column, (c) Critical surface, (d) Transfer nominal moment strength 
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transfer 1 titilSS design moment M ue ItJnilTlBntHlRJiaaHtHHHtilHHnil M ue 

raws Bamimimi 

U U vJ i U cu n u e>. 

msnsjamsmsjms R|HifjR|Hinj8nd i 

gmuiinri H^niri?StmTMMTHinnniiBini3TmaRinarnHmHiTHR[iiima1ni3 plate 

in -o Li ei U 1 U iu U ct a 

|Ri3 RUBIRHWMJ 1 

naniimRiMigitina narsnanmafrinminTn v„ maHissrEHtkjiti narmamnafnniiJtii 

ct ct i U (U U H CU ) Li CU 

rniiiBiuJimMHmi 9.30a at3 b iBlinwiiJniiwaiiJniiBlimiHBinBBiniMm uHBiauBRiMm i m 

c EaJ vtct M &> vt ct 

1 

nUH8fTlRRTH1tlI8[milJtlItilUBinBi3BaHHtilHn[imBlni3MMI Sarnia, ACI Code RnJlfitilHtifi 

l Li a V 1 ct n 

luCUtjISTHutitjlfdfdJ UtinT1l3T?ilStjstUSl3HHl3fnStUSl3 

U TJ "va M- Lry V 


M'= 0.07 


(9-31) 


( w nd + Q-5 w nl)hl n 2 ~ w 'nrf ^2 (/’n ) 2 

to vv' BtiZ' fdlutotos 1 Ut3t38 IRTfifltjHfimBHtglniaMHfm 9.30a U b 

nu Z. U c? CU V L»u u ct M 

(9.32) 


v„ = 


K , Yv M u c A b | VyM'c 
A c Jc J c 


to /' r tiiHHtiBBtiimriuiniiiiJtiiHiBTRanttiHHtiiiJtiiTRftnBmRnaBMiiJIiRaBagMfiJtiiiTu 

L V V u w <ii D L»U Ct U 

j c i 


g.g.m. ISSatfini 

Deflection Requirements for Minimum Thickness: An Indirect Approach 

MTHiiimj^sTtiHi[uiRTHifjRTHicu8[uinjsfi3^tJi3 iRtfltnBiTflaitRinimiimiimBiiMTtnu 

Li Li Li Li a U Li u Li 

RiHnitmRraiuinnBHTiTSMnMRTtnMimnwTaiti^B stiHismSsnin i iRinatSititmatuinia 

cu Li Li eJ Li U eJU U e» U c 

tcuRTHifj Rttntii8[inMTtnflRTmtii8[mraRainiRaTHiaBaHiBRiHi3tiiatitiiii3tu![iiaiwnTHiM 
RTHinisiiiiMTinnRTHitiisiimuRaiflnH mSsmHSHismjtnRuaRMrdHiBisHtammnarma ^ 

U aULi ai U i e-J n n U i U 

mstfimm service live load tiltitmiRMIfltBflBRItsI BtiUBRHITjnBHTRimfimntflTJ 1 

U v i csj dj eJ 

iRi|uuBRWBa!iJwtnBnflflgBaiflMRmaipRa|tnai3^tn9jflifiiJiu!iJtiiiRRn dead load arm 
UmSfi^THlB camber TflMBIUUBRHItinnBRtHniHBIBB 1 IRITtflRlWmillfilimBlMTHIURtH 

-\A n Li <ij cu Li Li cu 

lutmniuitnniiBtinnnjmwaiwntHiMnimnis^ 16 tsi 25 M|jnu solid cantilever slabs sti 
40 Iffl 50 M|jnURtjnni8[mtilUril9M 1 fdtfriU waffle slab IRiniim^JIttlRtH 35 Iff! 40 1 
fd|Himtyi3S[HfiJIHm ftotfnu single-T Bfl double-T i[U 90%IBRtHmaiB*MUnUfTlIWin 


mnsfiTmwsanmfititrmtirmtimsRi 

U c? U & / U / U 
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EmmnjRSHtin 

eJ u 

aci HiHi^jtinnnjulwaiwmni^uHujuiiniHftnannjiHtffiaHalaliJtiiiniMmaaiuinB 

tsfnjuifitJSR aaniRsnjiiafniiTUTtnM i minimmasHaTHftnairuMTHiumimirnitmHinisia 

<in 3 a Li Li Lru Li Li ct Li 

miuiiuiSmiBiiwriiliB aaMiHini«w partition aammfigmBiitiifiutii i mntis d.® fhBifiiH 

in etui u ,J?J£ij 

ffliRtUlfifnntJliJ TJ camber lUfii plate BtiRTmWSimriigMtUfitiinjRtiTSnti BtilUfititTtJ 

■n* A U a i U i U i U 

Ri3Tsni3iiJtiiinBtiin[m:MTRHtiiaTRftnauiJifmBlni3B[mB9.i2 i^GiasinJmnJaTrTitTiiBHamiJtii 

1 U 3 l Li Liu in -n* <=t j Li Li -o n 

niMnrnitJimiTBnirmaMHHtiinafniMniilfTiRfTiniJiu I'JSiBsmBtummiiJiraTMtii BawHiuiR 

Lics'ctLiLiU 0 * O 8 Li u \ 

tiwiiftmimnHn[mfTiri!aTrn[TiiuMHamtiii35TRftnBR[mBiit5iuimiaintJfTifJfnnfninnuiiJii3 

i U-onOLiu u n 

i 

(flexural analysis) iSiptitilijfiJHHtU 1 


Table 9.1 Minimum Permissible Ratios of Span (!) to Deflection (a) (/= longer span) 


Type of member 

Deflection a to be considered 

AH* 

Flat roofs not supporting and not attached to non- 
structural elements likely to be damaged by 
large deflections 

Immediate deflection due to live load L 

180* 

Floors not supporting and not attached to non- 
structural elements likely to be damaged by 
large deflections 

Immediate deflection due to live load L 

360 

Roof or floor construction supporting or attached 
to nonstructural elements likely to be damaged 
by large deflections 

That part of total deflection occurring after attach- 
ment of nonstructural elements: sum of long-time 
deflection due to all sustained loads (dead load plus 

480' 

Roof or floor construction supporting or attached 
to nonstructural elements not likely to be 
damaged by large deflections 

any sustained portion of live load) and immediate 
deflection due to any additional live load b 

24tf 


'Limit not intended to safeguard against ponding. Ponding should be checked by suitable computations of deflection, including added 
deflections due to ponded water, and considering long-term effects of all sustained loads, camber, construction tolerances, and reliabil- 
ity of provisions for drainage. 

b Long-term deflection has to be determined, but may be reduced by Ihe amount of deflection computed to occur before attachment of 
nonstructural elements. This reduction is made on the basis of accepted engineering data relating to time-deflection characteristics of 
members similar to those being considered. 

'Ratio limit may be lower if adequate measures are taken to prevent damage to supported or attached elements, but should not be 
lower than tolerance of nonstructural elements. 


d.90. Step-By-Step Trial-and- Adjustment Procedure for the Design of a 
Two-Way Prestressed Slab and Plate System 

8iai|mHtB*^tmauaumuiiJw^ftnBiMn^aMtjnufTiiiJiiMnjiH[mBi 

miiiiilmnRTtnwsniiraRainiRaTmaniBM: 

Li s l Li ] Li 

i. Rn^RthiRnaninjiHiTRiuMRTtntii8[m atiRiiffiRuaRfiTHfrlmRRiHWRtmrnigM 

U Li 3 dj Liu 8 

UftmlSlTRltiMHHtmJHR 1 

U u ■VA 
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2. IlSMWMRTmMRTHlWSimWintmaMTHIUUinnimHHUIin h = L/ 45 UggtiHfimm 

UUUswUn -\a 

h = LI 45 IRniimUBRItSnMflRHMIUUBRHnsnMflRHMIUaaUBRIHRnin 

til wk ] (A 1 til J 

3. fdSfi tendon profile RlRH1HltUi3tilURtigM E-W StiSfd N-S HjimRnJlRRintilTURti 
[mil F , RtijmtiraRti f c =F/A c , S1313SS strand RtiHGJIWia 1 RCU131 balancing 
load intensity W bal = 8 Fa/L 2 SiafitinSl net load W neti = -W ha[i 1 


4. R[lilRtlIR[m:i[RiaMHHtlI (equivalent frame characteristics) mH}fn[RltiMHHtlJ 

sl3R[inRmnlt3[mnisumrnR st3mnlt3[mnigumnHmrarjR[mtuit3m§jt^tiJ 


K c = 


4EI 


L„ - 2 h 


aa 


K t = I- 


9E c ,C 


4 y 3 
1-^ 


V 


■"2 2 


ttJEU C = S(l - 0.63x / y)x 3 y / 3 1 SilUSlUHfffitUlSI 




~K~ c + ~K t 


s-l 


MTHIUMMISItilTRl ai381i3Rti ItfimmtllaTRlITlIUMRTH1tlI8[m 

Li Li ct Li -o Li a 

AT, = ' 

Ly—CytT. 

iticu l, tint cy la 1 13 cuB r n h nj sti c, ^R[jnMMMiM[HiuR[mifiaMMi 

Bl3RTintlI8[mBHm5 1 

Lj aw 

5. R[iEmmR[iErat3?QREEl3rd[Hiun[EitijnmE^ r BtiA'.iiJtiiggtiitnBialTRtiRim 

1 V Li Li eu Ct o y Li 


DF = ^~ 

HK 

tutU Y.K = K ec + Ks(i e ft) + Ks(rkght) *1 U SI U Bn thill SI fixed-end moment FEM iSl 
[RtSfiimMftnU net load FEM = WF 2 / 12 W[tnmJBRn[iJlGJ 1 

6. HSl?imjrai3raRHEi3fi3[tnU net load moment M , ipt St3tRfTTHf HHat£3tUmt3ttjRtST t3^ETl 

in v U net Li*j v vJ 

uJHJBBtIJtnBfitH net moment IBl[fitSttSlTJWB[H 1 MHR1IRM B = M„( centerline ) - Vc / 3 1 

umuHRitija^RtsiRia[inaraRa 

j- _ t 3 ^ M net 


pnsn[mnfsnnm^ti[[mti[mtimsR} 
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tt3nJSSWtnSHHtiS1^njnt5^Rt3|?naHSmi?iHBtJJH1 f t = 6 y [f\psi(o.5^f\MPa) 
sta f t = i^J^psii^iee^ f c MPajwijnuHsmHnnjntiiinia i 

7. PTEinSH balanced service-load fixed-end moment 

FEM hl = 

12 

ai3H3inmrfuaiBRHHtiigHHtiuantiiBa M bal 1 flSTOHRROnR primary moment 
Mj = P e c Si3 secondary moment M s = (M haI -Mj) 1 

8. FTEinSd fixed-end factored load moment FEM~ =(w j( L 2 )/ 12 ItfltUHSlRfTintJtiitlR 
HH13IS factored moment 1 USTdHnntlflSl required design moment M u = M~ — M s 

wTHiumHinjsimiBlTKtiraunnji smslTRtfHHiBtiHisHflmHi m„ tnutmunminjia *i 

Li Li ss Li Li Li CJ- W g"i c? 

9. RtlJlR required nominal moment strength M n = M u / <j> £il [HI U H H fi 8 [H fil ti HI S 

- M u SttHHttinJttltfHlS +M U 1 USTOHfi^RnSRjmCUtri-M,, Stt + M„ ttitUHIB 

mBMtmufifjntusnii i umuHmsjn nirnn 

inelastic moment redistribution AM R nfiiniilfniIlJtlIH1Bnjunuia1ni3B[lJlt3 4.12.4 
3t3 6.7.2 1 

Ititu a m r = p D (support m u ) i maHitJnBHfnialtntiB^H aannmwiwatuMBra 

tntnti i^miwntii!iJRHgii 3 i|URi 3 |maHujuim a, = 0.00075/7L i 

10. [RRHSRj nominal shear strength rarjR|HinJ8ndtSl[Rl3S|H81i31[fi1 BtiBJHSlilRti 
JQPitinSI ffintaJ shear-moment SAffintaJ flexure-moment ISlfdfin 1 
IHRhnRHltifTlRHHfl (moment shear factor) R 

1 £U V 

Tv= l 2 1 

i +3 Vv^ 

luimiHRimminnUItiiaHHia (moment flexure factor) R 

1 

r f= 2 / 

i + 3 Vv^ 

=c x +dl2 

= c x + d MunuMMiBiagia 

b 2 ~c 2 +d 
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inintiuiSamH y f 25 %ia 1 rntiBTH&ii 3 ni 3 aamSBiinniJtmMaa 1.0 tsItrasth 

n W ' J Li Li ot |~l V v'* Li Li 

ttija i;sjsiSQuaicTi;slRt3ri3Hmr9.29 t i usiuHRRnflsi c AB stic CD MijnuMMiBia 
t'QTi fiub total nominal unbalanced moment strength M n = M ue + V e g 1 

ii. r mi si shear ultimate stress taunmwciRtntiflifimtntfi BiafiBnUJJUM y v M n : 


Vu , Yv c AB M n 


</>V A C 


Jr 


<v r HBETTlfiHfiTmn 

C i m 


TtlEU Rt3[R1r3HSnTIRHBtJJH1 v c = P p ff\ +0.3/ 1 Vp 


Py " c " b a d 


p p = RIHIlJtlinBtiiaiRRtiBIIimH 3.5 SH (a s d/b G + 1.5) 
tj) = o.75 M|muRti[RiamR ai3Ra|maiHtii 
ttitu «, =40 RiunuMMisiana. 30 MtjnuMMisia aa 20 i 

1 

MMITfiJHIBHSmfiBhaRBthifl 4m. HTtaTSTtitf HAtflU lUltD f\. HSRJRtiltf 

<~nj i i * Lu ^ l w 

5,000 dm Stf / TRimaRtHHUTUnniMBa 125/75/ 3tiHRUJtntM3ti 500 dm TUBS 

1 'J L»u ni e»J 1 1 

Artists iRRiRnilBi v r nfiimtiwfiti^mfiitiwssEutnsCTfdHmrmmTmH 

T/cty L CU V U U 


2 + — 
Pc J 


JFc s 


a s d 

v b o 




TJ 


=*Jr~c 


12. RIUlBlRtHHHtilHRim y f M„ aaTRRriaRTMMMtiuJtUJntjIRRHia TSH8R1R 

m v i ' J ri Lru eJ i n i 

ftitUEJHtmjltiRIBlRa column band [c + 2(l.5/z)] 1 

i i 

13. TRRnSRTfnriultJ Sfl camber JTJfjRTBIEUSan 

Liu «J Li a 

14. BBtijraRfniMRnRnnaiTtiMarafimntnTRTjtiJRsnjiTtitutnatJfTjnTjsiattui usiuhr 

U Li M U 8 3 U e* 

HSjRRlJRnJlSirdTHIUSrd E-W StfSfd N-S JUMTTlilBRTtntlJSim 1 

in Li Li e» Li a 

JUS d.9d Tiainin flowchart fdTHTORlJMRnRtUlSI StfRlJhJRnlfTlR plate SflRTHlEUSWl 

V in -o U O \J x Li a 

raRflT|URt3{mflnjsriJ t 


£. 99 . SnntfnjimmnsRTtncu Fiat -Plate ronmmntiTflitiGinitfitTmm 

u u Of U 1 Li 1 Li m U 

Design of Prestressed Post-Tensioned Flat-Plate Floor System 

QffltflJflfl d.kK [TJCISRjBIEU post-tensioned prestressed nonbonded flat-plate ftJ [HI U HR! J frJl R 

laiTRftnauaunialRaiUB RTHlEU81tfHlSSTfl 17fr6/mx20ft(5.33mx6.10m) TtitURRH 

HRJtBlHRJ TTflffiR[H1CU81i3Ri3HlSStri 24/t x20/t(7.32mx6.10m) 1 RHfd l u JHfjtflSR 


jpnanpnmsanmaatjpnaitnani9M 
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8 ft 9in. (2.67 m) 1 M RJlfitUl SI R fHI OJ S MISS ill Hj{S working live load W L = AOpsf (f.92kPa) 
St3 superimposed dead load W SD = 20 psf(0.96kPa) lufUUtlJTltUn partition St3 flooring 1 fdSfi 
isimiiSmingTriruinsitriTfltjRTHitusiflHrjsscutJSRmtiJRflinnjtjiHffiEn stfnaftftrmcusflinRii 

ct Li Li Li y <£i cS y ct | C3 

^JRBIflRIR-HHfl (shear-moment transfer capacity) rafdR(H1Ems1[RtffiJfiJn l|pfTim|tJfifl 
{Rltf 7-wire 270-K HttR§R 1/2 in. (equivalent frame method) RflRU 

MRjiRtuisiiss i 

f' c = 4,000psi{27.6MPa) TOR13SHSRHR1 
f' ct = 3,000 psi(20J MPa) 

f t =380psi(2.62MPa) 

lSl|RflR[UTlCUlCyfl f, =2jff = 127 psi(0.SSMPa) 



Figure 9.1 6 Flowchart for the design (analysis) of prestressed concrete two-way 
slabs and plates in flexure and shear. 
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Figure 9-16 Continued 
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Figure 9.16 Continued 
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RtiTflltiRHItiRIRJUrifrURtiHfimtn v r THftnBmHffllUJim ACI Code 

1 U ru i o Ljjj 

f pu = 270,000 psi(\,S62MPa) 
f ps BSfjnltltflti 1 85,000 psi(l,276MPa) 
fpy =243, 000ps/(l, 615MPa) 
f pe = \59,000psi(\,096MPa) 

E ps = 29 ■ 10 6 psi(200-\0 3 MPa) 
f y = 60,000 psi(4 1 AM Pa) 

tfrnmtffinm 

90JN-S 

I. Service Load analysis 

1. USR 

<Si 

1 

iBHrmnratirnntfiu MBHtsmrffiMRTffitiisim h = u 45 1 gram tun m 

eJ Li Li ^LiUa n 

20x12/45 = 5.33m. Wlffi h = 24x12/45 = 6.40m. 1 tiBIBStaiRUJJti A = 6i«.(l65mm) 
9HBtiltlilUMR|jntlI= Slpsf 1 
uBRHitsiiiJtinJiRuiaHriiw =20 psf titnssimatns 
UBnHItsIMIU W D =101 psf 
W L = 40 psf 

TJBRWRflRH W w =W D+L = 141 psf (6.1 5kPa) 

W u = l.2W D + \.6 W l =1.2x101 + 1.6x40 = \86 psf (S.9kPa) 

L n =bay span (N-S M|HimgRIBfilIlin*|jmmiB*) 

L 2 = band width ( Sfd E-W) 

2. USRCUSti Sv3 tendon profile 

1 

iBHTlSRIItiiBraHlimlWRSuaMTHIUUBRtiiBa MBRRlHRl3THiaMl3RIBllt3raRl3H13TH 

e » 1 cr U TjUdj ^ ru 1 U n 1U 

l£3tlJU[l|TinJnUSRtlJSt3R f c = \10psi(\.\lMPa ) 1 REItitmm F = 170x6.5x12 = 13, 2601b! ft 
(193.6 kN/m) 1 titslSi MlRtmtiltiRITTJRtiTHIti 7-wire 270-K Htififafi l/2m. 1 imtilUJITlffl 
RElH|tJMSfnn P e gtiRim|tlRl3|ml3Hm = A ps f pe = 0. 1 53 X 1 59,000 = 24,521 lb 1 Mfjnu L = 
20 ft HIHaMUUrnitmUMIlj^anS RtntiMJUR F e = FL = 13,260x20 = 265,200/&(l,180iUV) 1 


mnsfirmwsnnmfititrmtiTmtimshi 

U U si / U / U 
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col. 


14" X 20" 
col. 




\ 

"*"12" -► 
4 R* I 


20" 

1 

-*-2 ( r 

1 


T 


1 



A 


A 


A 



- 60"- cr- 
ib) 


“n*- 9" 

her 

I <2.6' 


-9 story 
height 
<2.67 m) 


Figure 9.17 Flat-plate apartment structure in Example 9.1. (a) Plan, (b) Section 
A-A, N-S. 


634 


Two-Way Prestressed Concrete Floor Systems 


JgjifflsttifinuimsmgmBtfi 


Department of Civil Engineering 


BBBITJM strand RfciHtU bay R F e /P e = 265,200/24,327 = 11 ^tURHim{URt3^rit3 
|UM9fnnMIU P e =F e =24,321x11 = 261, 5911b 1 RH1i3i]RmtiimMi3 F = 267,597/20 = 
l3,3SOlb / ft(l95.3kN / m) IuimRa|ini3MaHIBlRaraHi3^mMi3 f c = F/A = 13,380/(6.5x12) 
=H2psi = ii0psi RmnmcuRgiun aistas hjr f r = 172d,si uJnmnjnwriuBRWBti luimwBH 

1 1 -08S7J J L I Cl <ij 

parabolic tendon profile E3t5tJtinmtSiRl3JtJS ^.9Ca 1 

A v in -o ct i) 

ftuijsiijrrrti ab ucd iBlmtirmmajinjti 

c* U -v« U 61 c? 

3.25 + 5.50 

r/j = a 3 = 1.75 = 2.625 in. 

nfdHRlJ 1.16 fdjTflii parabolic tendon 



Figure 9.18 Tendon profile in N-S direction in Example 9.2. 


W = 


8 Fa 


T „ 8x13,380x2.625/12 r 

W bal = ^2 = 12pSf 

Net load ?tiWUI§RHlhjnnR 

n v 

w net =W w -W bal =\4\-12 = 69psf{3.3QKPa) 
mu sum a bc 


a 2 =6.5 -1-1 = 4.5m. 

8 Fa 8x13, 380x4 .5/12 

w 


W bal = 


= ' 10psf 


w net =141-10 = llpsf {3 AOkPa) 

3. [UR[Ul:lUMt|EntifiJHHtlI (Equivalent Frame Characteristics) 


TtmanmmsmutiffimntiTsntimsM 

U c? U & / U / U 
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mmrmtifdHH&msImssfdN-s itJtiiutiTnftnauiJunuIimmiaHialnaiuB mn 

U y ct su Lijj in V ct v 

larmmBuaiafriinHTuimRTuiintiiiuMMMisiaiiS aiamtiiTmHfinjmnntiJsim c HHtimiHm 

Li ~o Li Li Li Liaycty 

tmsriHjBtU) stanfanm? d.d r 

n i c? 

4EJ„ 


K r . 


L-2h 


itiEU L n = L u = 8 ft 9 in. = 105m. 

( a ) fnnlti[mnj[d(dI81tit[hi ( 1 4 in. X 1 2 in. ) 

fi3|H1liriJfi3J81l3t|fTi b = 1 4m. ^GtSS I c = 14(l2) 3 / 12 = 2,016m. 4 1 M3 RTj1 E col /E slab = 

e cc /e cs =1.0 stiijti e cc = e cs =1.0 lalnamimuim iti\mE cs HBtnftnBnmalniawHfTii 


M|jnn k c i tisiuHR minsstutns 

„ Mt „ 4x1x2,016 

K r R3JU = t , : 

c ' 105-(2x6.5) 


2(M|jnuBi3 aantiiMMi) 


= n5.3in.-lb/ rad / E,. 


nfJHfnj 9.10b iTsinintiiHUJH 


f 


c = L 

f 

V 


1-0.63- 

y) 


V 


1-0.63X 


x y 


6^5 

12 


6.5 3 x — = 724 


mnliaTmiTiBurniiHtiiiuMRTiiitiiiaiTRtiHmMMin 

Li \j %i Li Li U 


K t = I 


9 E cs C 


r \ 3 
c 2 


1 — 

L 2J 

9x1x724 


9x1x724 


r 


20x12 


1 — 


14 


\ 


V 


12x20 
= 65. 0m. — lb / rad / E. 


r 


20x12 


1 


14 
12x20 


nfJHfru 9.7, fnnjiiTfnniriJHHturarjrjfiJjR 

U -o V 


K ec = 


r 1 1 V ( 1 1 ^ 


K K c K tJ 


( l 
n n 


= 41 in.- lb / rad / E,. 


.175.3 65 
(b ) fnnltJimnjididrsiafftJ ( 14m. x 20m . ) 

MljnUMMISiana b = 14in . , titHSS / =14(20) 3 /12 = 9,333m. 4 1 titslSS IffiiltflS 


a x 1 x Q 333 

K c M m = X 2 = 8 1 2 in. -lb/ rad / E cc 

c ' 105-2x6.5 
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c = 

K, = 


6.5 


v 


20 


1 - 0.63 x — x (6.5) 3 x — = 1,456 


20 
9x1,456 


9x1,456 


K„ = 


20x12 

f 1 


f 14 > 
^ 12x20 


f 


20x12 


1 — 


14 


-r- = 1 3 1 in. -lb/ rad / E cs 
\ * 


V 


12x20 


1 


v 812 131 
(c) mnlidimcymtifiimmnn 
nfJHfTIJ 9.9 


= 11 3 in. -lb/ rad / E„ 


K, 


4 E cs r s 


K~ 


c\ 


ItJtU L n St3 c x SSti slab band t3lRti9M 

E-WR 20/2 + 20/2 = 20 ft 1 tfotSS I s = 20xl2(6.5) 3 /12 = 5,493m. 4 

itfimMunuRtjntiiigl aitiwiMMisiaitRl a 

K = 4x1x20(6.5) = m . n _ ^ f ^ j 
12x17.5-12/2 

MTHiuRTHinisnmalaiaiaaMMiBiana b 

U U a c ct 

4 xlx20(6.5) 3 ^ 


K. =■ 


12x17.5-20/2 
IUim MTHIURTinWIBlsraimMMIS'liaRti B 

U U n ot 

4xlx20(6.5) 3 


-lb! rad / E r . 


K = 


12x24-20/2 

O , O 


= 79 in. -lb! rad / E, 


nMHmi9A2. tHnimiualBRHHtiialiwntjnnisiiniHtiHniin df = K s nLK\i Jtu zk = 
K ec + K s ( left ) + K s ( riRht) 1 A . DF = 108/(47 + 108) = 

0.697 M|muH[mn|jntii8[mBit3iaa b . df = 110/(113 + 110+79)= 0.364 
R[HltU8[U18U3M1 B, DF = 79 /(l 13 + 1 10 + 79) = 0.262 1 

4. Design Service-Load Moment and Stresses 

Design net load moment 

M^mutasitillTTl AB Si3 CD. W net = 69 psf I tiBIBSHHtiTJtiUBti (fixed-end moment) 
R 

FEM =^B.= 69x ( 17 ' 5 ) x12 = 21.110 3 /«.-//> 


12 


12 


pnanimmsmmatpffaisnatiwM 
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titsm MTHimtuasiania sc, w„ pt =i\psf i tiBiBJHthautiuBtiR 

V <=* Li O Ct lit l I j v v n 1 

FEM - 71 ( 24 ) x 12 - 40.9 • 10 3 in. - lb 
12 

iflimHainmfJmHfTiiiuaiBRHHiaiJtiniJUTmamna dla, imnsiruiHRim carryover cof 

in v v in ca U i J 

= 1/2 MTHiuTRmniamaHM i inTRfiSmiiRMTHnimiMBmuuiB* ttfimtmnfiiBitiJfigntiJ 

Li Li o L»u o Liw ~t> ej 

IS nonprismatic section ISlitU fixed-end moment S-tdfHPi tin carryover 1 lSiRt3t^rii3t]15S 

terns iRHiBMaRtsiiTHiaialTRSRnniaitiiiariiiiJtliRRriBiaiaaRniic iRftnsRRtfitfisTHTJistj 

c v^> Li Li c c Liu Li n 

RisrnnmstGRHms *\ 

ct V 


Table 9.2 Moment Distribution of Net Load Moments M net 


® ® e © 


DF 

0.697 0364 

0.262 

0.262 

0.364 

COF 

0.5 0.5 

0.5 

0.5 

0.5 

FEM ntt 

xlO 3 

in.-lb 

Dist. 

-21.1 21.1 
+14.71 7.21 

-40.9 
5.19 v 

40.9 

<- 519 

-21.1 

CO 

Dist. 

3.61 S' "^7.36 
-2.52 -1.73 

-2.60 S* 
-1.25 



Final M ntl 
xlO 3 
per ft 

-5.30 33.94 

-39.56 




Net moment IBlTHiattimaRaJTJMWMI B tfitiWMatBHHi3TRi3 centerline tflHffiSti 

U d ct u Li u 

Vcl 3 ItJtU 

‘^ 71x24 ^ 

, 2 , 


M,„ = 39.56 -10 3 -^ 


= 33,880 in.- lb! ft 


HgniHSfTiniuMRtjntiisiin s =M 2 /6 = i2(6.5) 2 /6 = 84.5m. 3 wimimtimBRtitmti 
raRtiMunug|H 

f t — + — = - 172 + 33,880 = +229 p«(l .63MPo)(t) q 

f A 5 84.5 V A 

fistas RtiimtiHamin /, = 6^f\. = 380 psi > 229 psi [mips 1 
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nttrmtimmmmmntinrwmslmtimimmnjti 

1 U -v» / U U n c' 

Net moment HBtmnfflimUJlUJan WL 2 / 8-39.56-10 3 U 

n 0 "vi 

M net , max = x 12 - 39.56 ■ 10 3 = 21,784m. - lb / ft(l .%5kN / m) 

mim f t a n cinn tut cy a = -^+y = -172+ 2 ^ 4 = +S6psi{o.545MPafT) 

titnss ntifsnaHBErnB f t = 2 fJ\. = 127 psi > 86 psi |HU|jna 1 

rawsra f. > Rmmtiffsnrm/; , fimtimmmtiHrorKfmBmmtJimuJnnrSanHmtfiHm 

U •' l 1 U 1 m u l cu V Lru U ^ u 

Ri3tmti/ s =/ y /2 1 
Ultimate Flexural Strength Analysis 
II. Design Moment M u 
1. Balanced moments M bal 

Secondary moment M s =M bal -M l , tuCU M bal t Jl balanced moment 

Si3 M x til primary moment = P e e = Fe 1 AB IS CD 

FEM hal = 72 ^~ 5 ) x 12 = 22,050m. -lb/ ft 

aaM|jnuR[jntii bc 

FEM bal = 70 ( 24 ) x 12 = 40,320m. -lb/ ft 

miHBiHfnifuaiBRHHtiiJtiialniainna d.m stiBtuiBHHii M hn , HBmtnwnnunnji 

1 Cl v v Ct V UUl u 

Table 9.3 Moment Distribution of Balanced Load Moments 


® ® £ © 


DF 

0.697 0.364 

0262 

0.262 

0.364 

COF 

0.5 0.5 

0.5 

0.5 

0.5 

FEM m 

xlO 3 

in.-lb 

Dist. 

-22.05 22.05 

+15.37^^+6.65 

-4032 
+4.79 ^ 

40.3 

-479 

-22.05 

-6.65 

CO 

Dist. 

3.33 -^^7.69 
-2.32 -1.93 

-2.40 y 
-1.39 



Final 
xlO 3 
per ft 

-5.67 34.46 

-39.32 
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2. Secondary moments M s 3t3HHl3UgfitHR[in M u 

mil AB 

H tendon profile ISJiJS e=0i tiGISSltiJtiH'IS: 

Primary moment M , / ft iSl]Jii3S[H A = P e e = 0 
m bal = 5,67 Oin.- lb / ft tnmnti dm) 

M s = M bai -M l =5,670 -0 = 5.67 10 3 in.- lb /ft 

HHtatititiUSmHfinJl FEM U = M ^ 1 — = 1 86 ( 17 - 5 ) x 12 = 56,963 in. -lb I ft 

v - > 1 12 12 

ma ba 

n tendon profile tSlmdJUS £.9 Cj, e = 6.5/ 2-1 = 2.25m. 1 titsiSilffititflS: 

M\ =13,380x2.25 = 30,105in.lb/ ft{llA6kN.m) 

M bal = 34,460m. -lb/ ft C flfTinti d.CTl) 

M s = 34,460-30,105 = 4,355m. -lb/ ft(\ .6 l/TV.m / m) 

= 56,963m. - lb / ft(2 1 AkN.m / m) 

mB BC 

e = 2.25m. 

= 30,105m. -lb/ ft 

M ba , = 39, 320m.- lb/ ft cnmnti dCTl) 

M v = 39,320 - 30,1 05 = 9,2 1 5m. -lb! ft(3 AkN.m / m) 

HHtatitstitJSmHinnJl FEM U = 186 ( 24 ) x 12 = 107,136 in.-lb/ fti39.lkN.mhn) 

v n i i u J X 7 

HSffifnjml3raRHHl3MTH1tjHHl3mti[Ultlt3lSlRl3friril3 MRnlfnEmnsmitfimJSR 

in v Li v in v 

t(SlOJl35TIM^HlssnjnJR8nomTRfiiJt3?ifiJTHltjHHmfi3JlRH StiHHliiJSmHfitUl 1 

c? m e-J w 8 a U i U u ^ v <* i 

3. Design moments M w 

BHtifilUlSI (design moment) M u tfltaOJMmSHHtiUSmHfllUl M~ Sti secondary 
moment M s U M u = Mf-M s C nfdHfflJ 9.17) 1 
ffffil - M u [niimw A (icyi3 AB ) 
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Table 9.4 Moment Distribution of Factored Loads 


® ® £ © 


DF 

0.697 

0.364 

0.262 | 0.262 

0.364 

COF 

0.5 

0.5 

0.5 ; 0.5 

0.5 

femi 

-56.96 

+56.96 

-107.14 j 107.14 

-56.96 

xlO 3 
in.-lb per 
ft Dist. 

+39.70 ^ 

^+18.27 

+13.15 j -13.15 

-18.27 

CO 

+9.14^ ^+19.85 

+6.58 


Dist. 

-6.37 

-8.38 

-6.03 ! 


Final 
M~ u x 10 3 
per ft 

-14.49 

+89.88 

-93.44 j 



ActCUti AB ), M, = 5,670m.-/Z ?/ ft (tnsntWRHS) ItntI3HBl3 
^13 centerline M u =12,310-5,670 = 6,640m. -/Z?//t 1 mjmRUSffiHHtinfiJfiJJ A = Vc/3 1 
titsISS 

V 

_ W„L M~ @b -M~ @ a _ 186x17.5 10 3 (89.88-12.3l) 

AB ~ 2 L n ~ 2 17.5x12 

= 1627.5-369.4 = 1231. lib/ ft 

c = 12m. 

HH13 {1113 centerline M u = 12,310-5,670 = 6,640m. -lb/ ft 

M u = 6,640 - 123 ^ 12 

= 6,640-4,924 = l,116in.-lb/ ft(0.64kN.m/ m) 
HHljfitHfmi —M n = = ~~ = 1,987 in. — lb I ft(0AkN.m I m) 

ffffij - m u p' iimn b c icy 13 ba > 

fi3|HlUHHi3|I1i3R[Ul £(ICUi3 BA), M s =4,355 in.- lb! ft ( tnSHICUfiHS) 
centerline M u =89,880-4,355 = 85,525 in.-lbl ft 1 ytsISS 
V AB =1627.5 + 369.4 = 1, 996.91b/ ft 
c = 20 in. 


pasn[mmsnnmmr[mb[mtimsM 
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HHtiptittiMMIHfHfmi M u = 85,525 — 


1,996.9x20 


= 85,525-13,313 = 72,21 2 in. - lb / ft{26.1kN.m / m) 


-M n = 


M„ 12,212 


= 80,236m. -lb/ ft(31.1kN .m/m) 


(j) 0.9 

tf&ti - m u [Hiimn b ( ttyli bc ) 

5(ltUl3 BA), M, =9,215 in. -lb/ ft centerline 

M u =93,440-9,215 = 84,225 in - lb! ft 1 utsiSS 


\7 _ 186x24 _ 0 / A 

y BC — — 2,232//?/ ft 


M u = 84,225- 


2232x20 


= 84,225-14,880 = 69,345m. -lb/ ft{25.1kN.m/m) 
HHl3Pi‘[HfmJ -M n = — — = = 77,050m. - lb / ft(28.56kN.m / m) 

u&ii + Hf/unr/mumumti ab 

V M n c? 

MSRtalQtlOtlRHIlimRrilST SlaHHtiHRtJJHlB xtTEta A 11S1S 

^ 1 6U V U V 

x = V AB /W u =1231.1/186 =6.62 ft 1 titsfp H?nni3 £.6 HHiatsti M~ ^ 

A = 12,310m. -lb/ ft SUntWRHS M s = ^(5,670 + 4,355) = 5,013m.- lb/ ft 1 titsiSS IffititflS 

^ w x 2 

HHl3H?nJJHl + M U = V AB x ^ M~ +M S 

= 1231.1x 6.62x12- 186 ( 6 - 62 ) xl2-12,310 + 5,013 


= 97,799 - 48,908 - 12,3 10 + 5,013 

= 41,594m. - lb / ft(l5 AkN .m / m) ISl [inti 6.62ft Cl A 
m 41 6Q4 

HHfcmfHJrm + M n =-£- = = 46,2 1 6m. - lb / ft{\ 1.2kN.m t m) 

ffffii + m „ ffBm/nmmmjmti bc 


mtURHS V BC = 2,232 lb! ft St3 x = L n /2 = 24/2 = 12 ft 1 HHi3R[lJ11fmtyl3rafjltyl3 


fiJIHmti 


M u =V ab x^- 


L„ ( L\{L) 

W„ X — v ' 

2 




■ J 


= 2,232 x — - 186 ^ 4 -* = 1 3,392 ft -lb/ ft = 1 60,704m. -lb/ ft 
2 8 
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Hniftmieffl. HHtinnintiiitiiaiuMiniatinHmn 

U U v n c? c/ m 


M = 


W U L 2 _ 1 86(24 ) 2 


x 12 = 160,704m. -lb! ft 


+ M U = M —M u +M S 

nRIJIti UBUUIS M~ = -93,440m. -//?//t Stt M s =9,215 in.-lb/ft 1 
lJBia8WMMtiHHtiHSiniHinTHifTinBiR[lintll!tlIi3R 

v 1 o v Liu n e» 

+ M U = 1 60,704 - 93,440 + 9,215 = 76,479m. - lb / ft{21 . 1 3JUV.m / m) 
sfHsitu ntHfmin 

1 n v U Liu 

M 79 479 / \ 

+ M = — — = ’ = 84,977m. -lb/ ft (30. UkN. ml m) 

” <j) 0.9 v ' 

JUS fjjTBftimmirianWMij design moment RTHlfTlJ SUHtmunmitlia BtiKtHSM 

U l| TJ tJ U in 0 uu M 61 c? eii n 

utimuwHHin 


III. Flexural Strength M n ( Nominal Moment Strength ) 


aci Code TflfmralmimftinHmmmraMitinBHmHBianufitiTtn i ntaSmi 9.20 

LiU W ^t. Li 1 Li 

A i = 0.00075 hL n 

1. U8fflffSTH81i311t3 B 

1 Li c* 

MTHIUHSfnHBTHBItinaratiBIinBfi , BHtt nominal 

Li 1 Li ct Li 1 V 

1 

fi[HJmjlStUtlJUUM„ =77,050 in.-lb/ft 

tiBtas. mariitiHmuiHiiuMiiJRriTSaHBitiiTtiRaTmtinagMBHm^iJtiiMHiBinamBriitiHHti 

U LivJ^Ed Li Li 1 Li ot u in ct Li vJ ^ V 

H^tiHiBiuMnijntiiintiMMitnftnBHimBigBRaMHfni 4.55(b) u a, = 0.00075/1/ ta 


h = RTuirj RTHitugonrdJu ata/ = TulfainiianiaBMTMmglBaBMraMiiJmiJtiiTKfniinn 1 

Li Li SI Li e» c* Li Lru 


0.00075x6.5 


18 + 24 


x 12 = 1.23 in. 


J 


’( 7 . 93 cm 2 ) 


tjtnss wmnjjti 6#4utaJtnBtjniti 11 ft itfimBtmnHHmmiuMitifiR 6m.(i52mm)untuB?in 
HnnslHUi IfltUflTHitnBraHtllfilBlHMMntii band width ItInJIMtSiStiSSttMMiURtflHffiStt 

O +J Lru u u n n -* vii 

1 1 

1.5 tit3lBR|B1MRUnnitW^i33Hra9JBMMMn ISIS 


A s = 6x0.20 = 1.20m. 2 = 1.23m. 2 ttiCUXRfmJ O.K. 


SSi3R|UltU = 20 ft 

AJ ft = — = 0.06m. 2 
J 20 
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Support Support Midspan 



Figure 9.19 Maximum required design moments M u and available nominal mo' 
ment strengths M n in Example 9.2, after redistribution. 


nMHfn? 9.23b, design stress 1SlfU3 tendon Pi 

f'c 


f ps f pe "i" 


300 p. 


10,000/75/ 


rnitu 


p 


ps 


11x0,153 

p ~ ~bd~ (20x12)5.5 

f pe = 1 59,000 psi 
f ps = 159,000 


= 0.0013 


4,000 


300x0.0013 


-10,000 = 179,256 pislf,236MPa) 


„ 179,256x0.153x11 1cno .„., 

F„, = = 15,084/Z?/ ft 

PS 20 

F s = 60,000 xA s / ft = 60,000 x 0.06 = 3,600/6 / ft 
RHItiMIU F I ft = F ps + F s = 15,084 + 3,600 = 18,684/6 / ft lUimimaRHlB 

A f + A f 
s Jy ps J ps 


RHfddRfiJttfi a = 


0.85/' c 6 
18,684 


- = 0.46/«.(l 1 ,1mm) 


0.84x4,000x12 

IfifttflJlR tendon bar d = 6.5-1 = 5.5m. 1 Itfim M n = (AJ y + A ps f ps \d -all) 
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HthjuJWJnBIRRHIB —M n = 1 8,684 x (5.5 -0.46/ 2) = 98,465m. -lb/ ft(36.5MPa) ttnffiHHti 
M n = 77,050m.- lb! ft < 98,465m. -lb/ ft 1 tiGtSS 1 

naniimiBsinHaTHfmifniiuaitiRHHtiHJtiinB inelastic igjiflrmg ttfimwiiuJRHHii 
ItiHis^cuHiQmfiHismuTfns i TUMBiuinBtiHBinmiraaitiRHHiaiBTiaJfTi. nras 6.6$: 

iy UUU in yvJ-oy 

e. =0.003 [ 1| = 0.003| 5:5 1 ] = 0.027m. /in. > 0.0075m. / m. O.K. 

f U J ^0.46/0.85 J 


inHBfHmiiuaraRHHtiima^rnnBTHiBlnnjntiiitiiia mHmnuaiQnHHtitsfalcriHBujHi 

in V U ncs'su V vJ 

= 1000s t <20% 1 


iHRiminaraRHHiaimiaJrTitiimMia = 1000 x 0.027 -27% RtfitiRtHHBmRHRmtrn 

1 v vJ -o ri su 1 m 

HBiRiHRimraalBRHHiaifffa'Jin 15% tsItmHHanMituitutaltiHis 1 

ini v vJ v n c* w 


§G1BS +M n =1.15x84,977 = 97,' 724m.- lb/ ft 

IRH1BlR1IR1RnBmTR9riltiIUMIlJRriTSaBHfl1MTHlUHHtiHJtiinB RtiRHmftitumtnnji 

l_j vJ Li ~t> Li tj w c* 

IljRHUjniH1|Rn|fflB 1 


2. tJSRlRRtimtUXtUtJtBlTRJattUa BC 

i n * U * 


nttURHB F ps = A ps f ps =15,084 lb/ ft ttjitU 

Apsf ps 15,084 . 

a = = = 0.37zm 

0.85 f' c b 0.85x4,000x12 

St5tS§ HHtilutUHIQHIS -M n = A ps f ps (d - a 12) = 15,084(5.5 - 0.37 / 2) = 80,171m. -lb/ ft 
IuimHHiaR|HfRlI M n = 97,724m. -lb/ ft > 80,17 lm. -lb/ ft gBIB«flHB|RU|fflB 1 gBIB* 
tjibh 6#4 ptiRnmtiriwtilWBBa 20 ft utejsscutns 


A, =6x0.20 = 1.20m. 

. , 1.20x60,000 . . 

AJ y = ^ = 3,600/7- / ft 


a = 


20 

(15,084 + 3,600) 


= 0.46m. 


0.85x4,000x12 
WMMliHHtiuJtlJinBinB + M„ =(a,/ v + A_./_,I d 

1 n v n \ aj y ps j ps n 


= (l 5,084 + 3,600)^5.5 - ^ j = 98,465m. -lb! ft 
>+M n R|HiRlI= 97,724m.- lb! ft O.K. 


RllMttiUMnfiJitiR 
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trmmmifutifBfiHHtiiBTtilrn iraitiRBHmHBitiiTURtiTHiti #4 c nasiSsi n.imm > css 6 iBh 

Li yvJ-vaLi'^ Li ] Li n is u 

ialMiiM8iaipHtHtinnmraiwi3u!BHmt5 tendon ipnaifnatiimwnniriH 20 ft 1 rmtmjp 
ItJnBHfnHBiiainiRarma 6#4 iBlMiiMBiait5iBlTRtiBTH iiftmiJimBfTiriHmiuMMMitiiHmBa 

Li 1 Li Li Li -\i O %) 

Rtirm 6/n.uJimRHCiHmi9lHm cuJRHtifi§R 12 . 7 mm bbb 6 uSHtfiHGJBtiRtiriR i52mmnHRi 

vJ O n w- u u O 

IfflHRJ) shear -moment 1 

H8fflfiR[imCUtCUi3rafjtClJi3 AB Si3 CD RimBRtHBtfitinMMtiHHli nominalltftflS 

i e~\ c c? w su i o v i* 

tBHTSU9tljst3HHmHR[lri!tiH1S 1 IIWWl3HHli nominal H5tiHlBIUMH8RlRTRlaBTHBU31TRiA 

e-J V 1 OS 1 n V <-y 1 Li Li Li 

Si3 D {KftnSfRUfRtiltJltll moment-shear transfer stress 1 


3. Banding the reinforcement tSlfR&RtlSfilfilT 

BBB11 luim9Bl3raMBnjRlt3MMI=2(j-x20xl2)=120m. 1 
rdSfitTl XflRtTtlRaTena 70% TRftnBTUHHI^13lTRlaBntRlWMMmBfl*BBBRlUITURl3THil3 = 

^t. Li 1 Li Lru Li p n Li U u UiLi 

0.7x11 = 7.7 1 titttSS RlTJITURtiTHItiBBB 1 TRitnB^RlBlltiiBlltRMMIIlJtllRtilBlSRimTURa 

TJ U 1 Li u Liu lJ ct Li 1 

Ifna 3 |RfRlRITlHH8RlRMMn 

isiinranlRRimitiiitiiainBRiniTURaTflia 11 - 4-7 1 iRinBMBRRiRimraaiBRHHia 

U n e» U 1 U ~t> u 

BlBUBllfRltilMMI Bl3BlltRR[imnni^mRtHTUtJTlRTUIUl[lllJB81l31TRlH: 

su U Un su Li Li v Li 

IHRimHHlJBntRtWMMI =7/11 = 0.64 

1 V lJ 

IHRIlilHHtiBntRRIinitll =0.36 

i v U n 

HH^MIUHRUIHl+M = 33,880m.-»/^ (IHElJfnnti d.to) 

HH^IMIUHRUIHI +M [Ri3RnJ11WlC]Jr3 21,784m.- lb I ft 
EftttSg ratiltsfi tendon tTURtiTHItiBIBIS&lfRIWWWJ Bl3BlltRR[initlj!tlIt3lJBRlIUttl[nB81l3nRlH 

V U i U tu U Unc^ULfi-oU 


IV. Nominal Shear Strength 

1. MWJ8Hlt{Rl A Sti D 

(a) lUntiBIimHItR Bl3UBR81til|Ri 

HttURHS IffiRHIS V AB = 1231.11b/ ft tt^mflHItdfriFiSStafJmB V B =1231.1x20 = 
24,622 lb 1 MBRtitTnl38U3ITRi StiRCTIRHISSHSHtiTH 500 plf l 

mnammStmnRnusRtinTia v„ = 1 . 2 x 500 x 20 = 12 , 000/6 
RmtiRimtimRfinRtjnw8[m v u = 24 , 622/6 
RHiaRiRiHRimMin v uA = 36 , 622 / 6 ( 1 62.96/v) 


646 


Two- Way Prestressed Concrete Floor Systems 




Department of Civil Engineering 
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1 su U ot Lry U Oa v LT1 ~o ct II 
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C 2 14 ln ' ibj » c 2 + d) 



m ; an 2.6 in. 

b ~i r~ 


— d/2 
■2.60 in. 


- 14.6 in. - 
(d, * c, + d/2) 


Figure 9.20 Critical planes for shear moment transfer in end column of Example 
9.2 (line A, Figure 9.17). . 
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>l <t>\ : J c 
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ttinjiumin yffptiimHHBtiiaima (a s d/b 0 + 1.5) sa 3.5 luim a s = 3.0 MtjnuBawMn 

nras d.too, b„ = 2 X 14.6 + 19.2 = 48.2m. urn 


a s d 


15 = 30x^5 + i 5 = 492>35 

48.2 


titsISi IfU fi p = 3.5 


RtiffntimfiHSmifiHmJJHI v c = 3.5^/4,000 +0.3x172 

= 221 + 52 = 213 psi > v u tjlfitfiJti =245 psi O.K. 

tumbiuirrr v_ umrontimiflimBi tsns v r HBrniRHRmuiTRiHiBRiHBtjiti 213 psi 1 

U p is. c* c | t-n Liy m 1 

(c) Flexure moment transfer 

BIimRIBIIWMiaUHlj nominal ta{Rilj3lltfim flexure R M n =0.63x196,978 = 
124,096m.- to 1 nMBfTlJ 9.20 |R9plti!lJRHnjUIH1A JtIIlin =0.00075/?/ = 

0.00075 x6.5xl 7. 5x12 = 1 ,02m. 2 *1 tiBIB* ITU 6#4x6/t itiEUJHtimEUSIti standard 
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= 347,400 + 203,4 10 = 550,8 1 0 in. - lb 
» YfM n =124,096 in.- lb 



1.5/7 I c 2 I 1.5/7 
(a) 



(b) 


4 — j in. dia. 
7 -wire 270K 
strands at 
32 in. c. to c. 


Figure 9.21 Shear-moment transfer zone and reinforcement distribution in Ex- 
ample 9.2. fa) Column zone band (33.5 in. wide), (b) Reinforcement distribution 
plan. 
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EtttUfiHS, V BA +V BC = 1996.9 + 2232=; 4229/?// 1 fitniJfTlfifiJJtJfi V uB =4229x20 = 
84,578//?(376/7V) UUtU c ] =20 in . , c 2 = 1 4m. Si3 d = 6.5 -1 = 5.5 in. 
filSfital d v = 0.8/i = 5.2 in. . UW1S1 g = = 20/2 = 10m. 

/>! = q + d = 20 + 5.2 = 25.2 in. 
b 2 = c 2 +d = 14 + 5.2 = 19.2m. 

A c =b a d = 2(25 .2x5.2 + 19.2x5.2) = 462m. 2 
juiou [u d v fiiynti d . HHasQtufnnmtum 

_j(c 1 +j ) 3 ^ t/ 3 (c 1 + (i) | d (c 2 + d Xq + d )“ 

_ 5.2(25.2) 3 (5. 2) 3 (25.2) 5.2(l9.2)(25.2) 2 

” 6 + 6 + 2 

= 46,161m. 4 





Figure 9.22 Critical plane for shear transfer in interior column of Example 9.2 
(line B or C, Figure 9.17). 
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r f =1-0.433 = 0.567 
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HHi3 M ue = M e M{jnUMMI81i3Rl3aHm5 ttfitU net unit moment M e =80,236-77,050 = 
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M n = 1.2x60, 000(5. 5 -1.33/ 2) + 0.459x174, 333(5. 5 -1.33/ 2) 

= 348,120 + 386,89 1 = 735,0 1 1 in. - lb 
»M„UfHffTlJ = 73,412m. -to tiUJSSllfmipS 
JUS dlOCn Uinmn schematic layout JUfiittiUnTtHUSlfiti flat plate frlU 1 fflUlTURfl 

V in -o J UctA U 1 

TfllttHtffiBu l/2m.USSURflSMSHffi9TUlmU?TlHUJil[lllRH1l3mfinUlitrifijUrjfi3fiJJ1 tilfflJ 

n u- u ot u L»u tu u ct 

nmUTUlTUUnSUTfiTHlfUJserviceablity filTUlUfTintflU tJUlSlfiflltaR £.901 1 

L»u Lnj U L17J Li y ct ct 


a- © © © S 



Figure 9.23 Schematic reinforcement distribution, partial floor plan for Exam- 
ple 9.2. 
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Direct Method of Deflection Evaluation 
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innnnuiBTBtirBitmuMniRTintii8[mnaHmBMHai titnss imntinranmntfiusnHBMBHms 

v Li U v U act u n v o v u 

(SMx stisw.y ) i;BHjS9mwsmnE^urjm{RUQ[int3mt3 HMialiwnuntiisim u plate i 


<£ column 


column 



Slab beam 


(a) 


Level of unloaded slab 




column 


(£_ column 


(b) 

Figure 9.24 Equivalent frame method for deflection analysis, (a) Plate panel 
transferred into equivalent frames, (b) Profile of deflected shape at centerline, 
(c) Deflected shape of panel. 
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Figure 9.24 Continued 
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Sti 8 =8' 
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frame 


E c I s 


(9.35b) 


iticu i cs i c tiiHHiaaBtiimniuMBnjmtiiMMi ati/ s tin 

HH^aBtiimniuMBnlnmuntiiitiia i 

V U n €5» 


2. fnntftUffiijfinJTltlJ (center deflection) 8" ffL = j9L UM1WnW§W^tiGi3mmi3i3 SCUl: 
!iJnnRRHtsiBtiBitirm|nftnauau (fixed) tutu 9Ltn M net /K ec Bitiiaa njira^tii 
flexural stiffness JTJMMMJMHHW ( BHtfRtf HffiaRmHJttEU) 1 

v v <=« u <n i c? 

3. mnEftUfflflntUTinJ (center deflection) S" eR = l9L U[imnifiHlSni|ntiBaBlt3W1 SCUl: 
itJtmnRHtsiBtiBiaiaatnftnauau (fixed) tacu 9L tfi M net /K ec giflwi i astas 

8 CX y & cy - 8c + 8" gL +S" q r (9.36a) 

8 SX y 8 sy = S s +S" gL +S" dR (9.36a) 

fittfiJHfTU 9.36a Sfl 9.36b IfUHtH S c , 8" dL Sfl S" 0R IlJW|Hf|nai3gMIUMIWi3 1 niUB 
dM (b) sfl (c) fnntflurijrafl 

A = 8 sx + 8 cy = S sy + 8 cx (9.37) 
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Deflection Evaluation of Two-Way Prestressed Concrete Floor Slabs 
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Figure 9.25 Two-way post-tensioned floor plan in Example 9.3 


Stiffness Fatores Bti strip moment fffifN-S ( flUti 1 8 ft ) 
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MMIBltilfRl A: K ec =ME c in.-Ib/rad 
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Net frame moment M A - 5.30 x HY' in. -lb /ft 
Net frame moment M B - (39.56 -33.94 )l0 3 =5.62x10 ^ in. -lb t ft 
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HHti 36% 1 I cs = M 3 /12 = 20 xl2(6.5) 3 /12 = 5,493m. 4 StUirititU 

HHtiBBtllfTiniUMBnjmWMMI/,, =HHtiSBmfnnBUjRR[U11tlJttyt3/ c =5,493/2 = 2,747m 4 1 
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Figure 9.26 Service net load moments x 10 3 in.-lb in the N-S direction in Ex- 
ample 9.3. 
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U s n x 


8 '-- 


WD 


69x20(l8) 4 (l2) 3 


= 0.029m. 


384 E C I CS 384 x 4.03 -10 6 x 5,493 
Rintfimsi|R!fiJtntn|Rts1si3RintfitJ s c mwBnjRiwwMi sti 8 S raimmjRRnjntiita: 


8 C =8'- 


M 


col, strip E c I cs 


M frame C 


ngmimon d.la. M coltStrip /M fiame =0M ytnss RintfraRinsfiiN-s s c = 0 . 029 x0.64x2: 

0.037m. 3)3 8 S = 0.029 x 0.36 x 2 = 0.021m. ttlitI3Hj|cUtSl|R)3RtlllR A R 


„ M a 5.30-10 x20 4 , 

0 A = — ^_ = - = 5.6x10 rad 

K ec 47 x4.03-10 6 


5.6210 J xlO in _ 4 , 

- = 2.5x10 4 rad 


e 

B K ec 113x4.03-10° 
s „_ 0_ _ (5.6 + 2.5)10~ 4 (18x12) 
” 8 " 8 


: 0.022 in. 


tJBI38. N-S net 8 rv = 0.037 + 0.022 = 0.059m. IU1BJ N-S net 8„ =0.02 1 + 0.022 = 0.043m. 

v ty sy 
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U c? U & / U / U 
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Figure 9.27 Column and middle strips immediate deflections in Example 9.3. 


Stiffness F atores 3iJ strip moment fffi}E-W (f[jJi3\%ft ) 

MJjnUBME-W. SSti b = {(l8 + 24)= 21. Oft 1 

HHiaatstiifnmmiaMiun i r , = — = 21xl2 ( 6 - 5 ) = 5,767 in. 4 
v L 12 12 

HHasQtUfnnQUjmmrjrjr i c = HHtisQWfnnQnjtuR[uiicutcya/ i =5,767/ 2 = 2,884m. 4 
nMHfflJ 9.24, central deflection TfititllUlti 0?tf(lJtnBBtiUtiUR 

U 1 in 

e= ** = g^°M = 0.045m. 

384 E C I CS 384x4.03-10 6 x5,767 

M|jnuninji!tJwn|jnwmtiHMii3uamalRi3qmini[iniB*. net moment laltstiiMMi 
sHtH9 itJnranintiintitiiMaiaHHtiHltiHiariRTHitiiiBlBiaMMimaiaa stinmiHltfmsnmB'inj 

u n WM-U C^VM-U 

ISlWWJSItifiTUMfdST 1 tiBt38 tRHIS net rotation 0 = 0 BtilTU E-W net S rr = 0.058 in. 3i3 E- 

n “t 5j U v U l.-* 

W net 5 SX = 0.032m. 1 
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jus d.tari sUfuntJiuunjRRtuiifiJtcyURUsriJsiunj n-s stf e- 

wi 

Central Deflection tUftf (Total Immediate Central Deflection) 

Central deflection fdJU 

l 

^ — ^ SX 3 cy — 3 S y ^ cx 

titUSS A n _ s =S sy +S CX =0.043 + 0.058 = 0.101m. 
iuim A e _ w = 8^ + 8^ =0.032 + 0.059 = 0.09 \in. 
tititSS fnnEJlUfllH!)Ht5jmStUU[UTltUn net load fi A net =\(A n _ s + A E _ W ) 

= |(0. 101 + 0.091) = 0.096m.(2.44mm) 

fnntfimm.'tnnjf fti (Long-term Deflection ) 

fd|uiufnntflujra:incuiffl. usu w net = 69 psf sflusumtij w L =40 psf uJiturdsutri 
RTUlCUgtinTfllTSUSRmtiJ 65% HUlSiUSRHmTSfdJmtlCURTUlCUgtUlTUlTSU 

U aUuUdj V dj [n 1 Li a Liu Li 

W susl = (69 - 40) + 40 X 0.65 = 55 psf 
UfltUfdSmHUtUl creep fdimWStf 2 , UUflUlS 

1 A 1 v/t> 

fnniflUJtUflnCUt!i3=— x0.096x2 = 0.153/n.(4.09mm) 

69 V 

fnntJlUfdJU = 0.096 + 0.153 = 0.249m.(6.33mm) 
mntftuHsnmfiHBmmisInmr^Auflu 

i m c* U U n 

ii 

A nUnw = —— = — — — = 0.50m.(l 2.7 mm) > A tflfUfUA = 0.249m. O.K. 
a,low 480 480 n 


g.96. Yield -Line MfSItl Plates m9&J 

Yield-Line Theory for Two- Way- Action Plates 

fTIJMRJin hinge -field mechanism IBlRflmnJSIin U plate ipHHiniUMUBRIUllilJtliSH 
tnntitniJwBMnflMRiRamraiSHiniHiifiMTHiurnnSrnitiitiinimrfiigMiuM plates i Hing 
field hing band tSnjjflJtnstuBfi^iHisnfltiiusiri tiGtSSflJjnftnSHR 


jjjlti K.W. Johansen §J1 £UTIo1j 1 yield -line theory 1 

iBmuinmnmnwratMiraMTBMiB* inrnfminnJimtijHHrifiiiSiiBafinn *\ imnjuimaial 

W Ul -o h Li U 61 Liu U U 

innnasnrmBlmimmHnMnnnimtijmiiinfiuaiuMTBM yield-line aamiHafiuuMfiinuumi* i 

U cto y u n J in i run 

pmnpmtusnnmtjtiripmiefiPmsM 66 1 


T.Chhay 
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JpM yeild -line upper -bound RtimiRtUlSJ plate 1 IB*H1BBmtiinwWiaHHl3 

iflWBMiBmmiuMnrHinisniiinBmHijnmMraiTutuintuaatiiBtitiifiitmtiB *i iWMniBs tsmiss 

O Li a cu U lJ lJ e» U n 

MSRR|H1W8ndR|jmnJ8ndtSltfiH1SfiJfrinnmMlSlinCUtnR (totally rigid-plastic behavior) 1 
tltsiss mn*uHRnnumniRini3MamiJtiii5HifiiBiRi3ntiiuMRTintii ti plate tantmumig i 

V V- €U n c? ctnj u M 1 

IRMBfitsl RtjnniW^RtjnWSWlIlJWinBminimilJRHtilHBigB (considerably underreinforced), 

fnmmiiJRHsimHi/jHBntiiti 0.5% tansRiR bd i 

i^mimiSinnisiMitDinBRWim: upper bound, R{jnMn|jnw8n^!iJw8gnitnBri!5iB8ai3 
iMl3tj1l3RTHlfjRTH1CU8[Ultt3CUSSCUtnsn lower bound solution tJBtflJBITRliaWHHnJ 1 titsISS 

nUUsu v Li v v 

IRBltnBtfiffinJlBl serviceablilty requirment fd^HlUfTinEJlU StihJlBiftJS 1 

RnJlMHTRfiM8riBHmiUMTBMIB8mnH1t3MnnnnJlBlRTmW8nJirauni313I[minTR91i3HM 

iwn %) Un O U 3 U U 

IlJtliJSfTIRiraBHaiRtnBIRMTinuntiBRIRlim llMRIHIBIRIIMMtiHHtiMTinnniaTRIRlim tsR 

Li i o U i c? i n u Li U i 

IRUliimm BRIRlim Jlati nnaitiltilBjR rawsramrintu UfflBSMISSlffin failure mechanism 1 

ct 1 c* -v* vJ lJ Lj in O 

tsiincu iiJtmRinBRimRRnBRiitnRtnB iRBaggtiitnBBffimmsrtmmraMfi i 

V U V Li 


&.9d.9. tPntURSmS Hinge-Field Failure Mechanism ntifTlinnOUJltt 

° «* n 

1 

Fundamental Concepts of Hinge-Field Failure Mechanisms in Flexure 


M K- 

\ 



-M 

+M 

M 




-M 

M, 





Figure 9.28 Johansen’s square yield criterion. 

t|mHMRHmniUMHHianRUiaitiriigM. yielding mfj rigid-plastic plate IRRHlSlSl 
intUHHaremnniCURanlsSra Johansen’s square yield tiBUttUTmtiJUB d.bta 1 IffiJtiRIH 

V -o 8 *j 1 J y in Met u 
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niRiufiaBmiB* irrrtjI yielding iRHHiBialintiiHHtiiHiiJtiiinaKtHntiiainsHigliRmHiuM 
±M iSl[dt3 yield line crack 1 BMltfllUM principal curvature rates [ni tn S B d ur[fj n m til H tIJ S 13 
mmniaiUMHHtilH *1 SSlRSSi3ifll3BHi3 Sl3fil[UTll3T?i!tnSiJl3initill8ll?iRi3raS d.tod 1 rnBdtil 

v v '-'u in -o *J c* v 

1SJ OA IMlfnnnilHiaiBlintiBnJlti O Wlttf strain hardening fftftnBltjltin 

Strain hardening 

X — 

7 

Idealized 

M, c d 3 pf K (l - 0.59u>) 


Curvature, <t> 

Figure 9.29 Moment-curvature relationship. 



mSstumnmrnmnrMfmHmutifimrjnTHitiJStuimmtitiJHissTH tiiHtusaBnmsrm 

U rn i Li a U w U 

tiati (fixity) ? ftinji|Tjfnnjn i = o M{jnuBtHtmHmi 9 l / = 1.0 rdumus^mtimsusamiltiJtncT 
ttUCTltSlltU TtitamtiUS. failure mechanism IUMflBl3H1B[limm:tJtiUiJl[Tmi3IU9 d.CTlO IBlintlJIfi 

~o U i u 8 v in ~o c* v 

HBfnuBRnriJimiM i 

i n <ij U ^ 

imnBRinjiRTH1HI8[mBTHWlHm (a) 1 BHti yield line tnUtmUTim yield line tilHHtiiH 1 titstSS 

U a U m x ' v J n* / v v 





Figure 9.30 Failure mechanism of a square slab, (a) i = 0. (b) /= 0.5. (c) i = 1 .0. 


imsnimwsnnmfitifpntiimtinrsM 


663 


7X/;/im 



HtmlsjimmfjtirtiftBcij 


NPIC 


m ntiHmanmrafitiiuM yield line mmnffiHtgiAD srbe Rtiras i inmtitnhjMiu 

cturiLi J o xJ <=t v V l 

UJimltS9na1ni39MIUM yield line UJWHtHIUMfltfitinJHimiTJW M St3Tmft3 JUfj yield line 
llJtll M(a/ 2)cos6> RtijliS d.CT19 (c) 1 Virtual work JUfii yield moment JtIfdR[Ulfi|RtfmUltJlCU 

i 

SR abo tiwHimrmfwiratiJJtigiHHtiBitjrii Ma/ 2 cosO talttmsitnfi ao sia bo suhjScu 

v i n i v i c? 

e i HnaJmigffi RHsmtiRtm 


e, = Y.MQ 

m^sraRtdQTsarmmmrjRtdnmStiJHmsiTRasTu^sHs c r s tsisRHsmmtRiR 

Li tj Li Li v Li Li 1 ^ Cl Li 

E e = force x displacement = X JJ w u dxdyS 

ttitu w„ tiijnaniaMiHiuMuaR&ii3iTRiRi3Hmi]Rsnlti i ms e t =e f , \ timss 

llMQ = Y,\\w u d x dyS ( 9 . 38 ) 



(cl 

Figure 9.31 Vector moments on slab segment at failure. 
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uJimHafHMHmi9.38 MtmuRiiuiiiJtiinritiritninin iratisscufns 

in U i u 

MQ-Ma 

all 

uJimtmiH 0ia1nmu9 &m®(b) fra [e = M{aii)] i 
fiHBnaHmnnmnrmmnjffi 

“t fl ct u Lj 

Ej =M6 = IMA 


e e = u 


w„a A 
x — 
4 3 


IflwmniftuialTntiBnifiBHBiuMTmrnimR a/3 i Sets? 

Li Lj 1 Li y 

f 

4(2MA) = 4 


f 2 \ 
^A 
V 12 , 

2 


lUlHJHHtiimtn 


w a 
M =—^~ 


24 


(9.39) 


TUMBraTtiamanBiuMRTinwsimmmRftnBuauiriiTiinicTi. e , =4(4ma) ufimwiifsiitfiB 

U Ui u U es Lru n-o-o^v/ 

(fracture line) IfiHtnBtjJtTlHtinTBil fitiBTTjtiBltiTJSITJWfl tiBtrtJl£TlIBlfitiJTJB d.tTlO(c) 1 titsfSS 

7 l n Liu y Li i u yin-octTj v 


Mimnntjnwrniraanintjltlini (fully fixed squared slab) 


HHiftmffl M = — 


48 


(9.40) 


tmtiMItinnumtil lower bound solution iutUifiiiSTtHuTQI Mansfield’s fialure pattern fit3 J US 

n -o ct vJ A ct v 

i 

d.mo(c) §jmH M=w„a 2 / 42.88 1 titiiss MijmuRimwmniiJwitiuBRnmiMtiiHmBaina 
naHffianmi^saB^msmmauS^H (support fixity) /' 


w u a 


= M [24(l + /)] 


(9.41) 


MHfniBIBlMTHIunMMilHHti yield line raMRTHItlltimfTinillBllWBHllJtllinBgtn axb 

V Li 1 n v J U 1 ct 

titmttim minis d.mla tansa a tfiitittsli 

V ui "\a ct y U 1 U 1 tu 


HHt3dR?Tl M = Wl,dr 


24 


1 

( X 


3 + 

a r 

a r 

Lil 

W J 

K \ 


(9.42) 


tBW a r = 


la 


sl^ + i 2 + -\A + Z " 4 

lb 


yfi+h + -\A + Z 3 
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' = thfmBmiBUatifTUlnJ (restraint) fa Him tlJSRR tm BjUfTlETJia [fTI CTl (stiffness ratio) 

iiJtiiinantunuialnaitiR dla *i 

J a ct 


Yield lines 



Figure 9.32 Rectangular slab. Note sequence of side numbers. 

Gtuntsl fiJHfni 9.42 BtiRimi9ltfiBTHi3imHCTltBWHRn 9.40 U 9.41 fJTHIURJMRTHItU 

EU U m -VA U U 

SnJlR'lUUJtlJ restrained TtftimtitJS ( i = 1.0 ) 1 

a Ui u 

Affine Slabs: R|jnni8[UlItJwn^aitJim!tJRni39M!Rl3mtJni8M|ntHitnBIR9jItm*til 
orthotropic slab ( U plate) 1 BHtiRtiSfdx IM M WltmslRbSfiJ v thJ uM itiEU « tflliJlM 
iSui[R orthotrophy tltiltitmtijUia 

My _{A S ) y 

M x ~ [A s ) x 

iBHjfi3|HCUR1iMRJllR1R IRmtUl3R|H1CU8[ld§jiSltj1 affine (isotropic) slab UJnniWWij 3t3 
TR9Tllti!tjRRtigMmtinijc Stiy HI SRI Huts R1 1 RlIUiniaiBJTKiHaintJtiBUJITRIH: 

U vJ <ii ct s tu t) ct l_»7j i en v U 

1. IGRSlJlRtiSfiJ M y[Ji M|H1RR|H1tU8ndtt3nJ|R!n|pmtflffiit3RM|H1UHHi3 

m Rtisfj mtiriiuJimirainanSMinuaR w„ RtiHmtmRTtt^tiRi i 

2. RSRR{RlttsRSi3 JJi Ht3R JEUltJgRQQEUlIj tJUBRMItn 

3. RtiRttUlUSRntiUS'lR IRfRlitiRilSRSti ^Jjucos 2 6 + //sin 2 6 , itiEU 0tilHlfli3UBRni3 
RSIRtjlHffiStiSfiJ M 1 

u 

TtlMSramMRnlRIRRTHICUtjl affine slab tflHffiStiHHR uM RtfSfdttilmtiCTJ tRTfifRWl 

U \J U U v • ct Utj 1 

1 

giriRi3srij//M tiinrasti Ju i RtiRjanommtfiffi custatutticusscufnsnRtjitiijRi i 

ct'yV'ct O u V ct 


666 


Two-Way Prestressed Concrete Floor Systems 


iQjifflstftfinwmsmsMfftfiji 


Department of Civil Engineering 


d.Sd.lQ. Failure Mechanism and Moment Capacities of Slabs of Various Shapes 
Subjected to Distributed or Concentrated Loads 

mnimmmtiMItiUS'ltilWn virtual work method fUlflfi yield line moment 

MTHWiJwfTiimwBi3mi3ninfii[mimin[mn5gniaRTintii8[mnat3mfTi[miiJtiiii3UBnnTiJim , i 

Uu H U U 3 1 tij U 

mmcusiui tt3cumsm3fj?irinni aamiiJiRUBRrainBMiHTB uHaMiHTBBiHBiiBfBum*3ari 

Li a <1 iLj 1 Li m 1 Li y 

HSftillBMlpB 1 BafflJIB SjTjlHElUJ principle HIBHtHHUjmtnHIBlljKtH 

fdTHitj mmnirdMgfijmncus^cunifmGstJSQtJSij ii^miriTMmiBlBamiMantiitiinimrRnjiH 

Li icte» Cl rj Li ~b 8 

Isjisfjuntitrm i 

fniMiauBUJtrmHriRiiafnitnR aanMMtiHHtiifltunHtiiuaR i 

a U y l ci y & 

1. uaRBBIUlBIBllRtifnBltiaiUM cantilever plate BHimiUl 



Case (a) P - 2M 
Case (b) P = - m 


a 


b 


2 . firmwmwtiUBfiBnamtiJ aaHiBBTHtmHtTiniaiiaaaBtiiBiiBTlaB* 

U <£n C\ U m Ll vJ 1 



p = m 


a 


3. RTHItU n ftitiiitiEUtflSSTHfiJIHm BtiJtiTJafiBfflIJnHJ ( n > 4 ) 

Li Ui U cn dA e~\ 



P - M(2n tan -) 


n 


jpnanpnajsanmaatjpnaitnanwM 
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4. RTHinifnmauaRBminitii saHissTHrmHmmBiasaQtusiQsnfnH Irhbettirbujbi 

U djn UmU i U i m 

sgjtisfu 


n » 8; applying case 3 
expression gives 

P * 6.63Af 




6. RTffltllHtlliaUBRBRIUntll P tfiHGJBtilRHUtiU 

Lj V ei U n 



(a) lb) 


P - AuM for both 


7. tjsrqgcuiijP HBiRTRtiBniiBiiinmiJimiWRTHininagigiiiJtiiHiBgTHnaumHaiiinim 

1 i rt Lj i U v Un e~i 

UP 
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9. RtinniTmmimimHmiwgTHtmHrniiJtiiiauBRBBimtiTHtiSHiatitjriRnaTmfniin 

U U mU m ^ \ \~i is- c* ctu 



P- Mi 6 + *) 


10. RTHiwTBtmniitticuHisHsicuHissfHfiriHm rintmisn p maHinTHtiSmatitjnnna 

Li Li l Li m Li i*. e* ofc 

Jtit3 



P = Af|4 + 2X + 2 cot 1/2X), 
where 0 is in radians 

As X approaches *, the plate 
degenerates into case 1 1 


11 . nTH 1 CU 8 [UlTSl!i 3 ttjCUH 1 SSTHfiJIHCn nStUrt 3 USRQQ[UlQ/ > TRtiQtlllQRtimCU 

Li 3 Li Li cn 1 U i n 
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12. RTH1CUTStli3STHfiJIHmtj1HtIJSt3tJSR P IWmMmalBIBlsnjtitRH 

Li Li Li mu v»a in ai Li i 



(a) Loads P sufficiently far apart; 
hence no mutual interaction 
between the two loads 

P~ Af(4 + 2ir) 



(b) Loads P sufficiently close 
/>=* Af(ir + 2(1 + i>/w )) 

Limiting spacing b between 
the two loads is 

b, im - (1 + 1/2ir)w 


13. RTH1CUTSt!i3STHfiJIHmJi3tJSRHStMm P Si3 kP TSititttSISTtitimH tt3tU it <1.0 

Li Li Li m <ii «t ct Li ru Li] 


mituusnHisQHitujaitunEnmuTEns 

eh is is ct Li Li 



P ' M {r+T [" + 2 (* + *)]} 


where k is less than 1 


14. RrmtiifnmauamiTaimtiiHmatiSiTRnau ifflnifranitutiiaisriMBT isIhhi 

U <h Li u Li n U Uu £U V U U 




i - 0 and no upward movement 
w a e 7 “ 24Af 


(a) 


/=0 and free upward movement 
w„* J = 22.20M 
Ifor^ = 1/2 [tan’ 1 (3)] 


(bl 
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16. RTintiitiHifTinjilauanntiiiMiiJtiiHiainaHtiMiHuaRanin w„ t'mEusTHsntatJSTtjia 

Li i & | a n » Li u Li l 

restraint lUftuirarawnMBT ibIhhj c Gcufitti inrniutiini8iiti3UB 

U U Utj u U u Liu U n 


Yield lines on 
tension side 



inrniBimitiiBigltii MTHiuMHmjnHstt3cufritjssifisst3tJSRP?s1si3HHi3 m irmbh 

Liu V U | L& dn JJ v/1> 

usrp iBHinmijBBnjiB i iBmlnHTHfMTinufTiirimiJtiitsi p iBHiniiSitinimnHm iRmfMBn 

dn o Li i E*J Liu Li o <in u Liu ^ 

p *\ MrmunTHinisnjiiiJniTiniiJBTHftnBBUiniTiitiifTi. inrni 

c Lj vJ dn c ' Li Li a Li Liu xj ~o Liu 


{flti hinge field itllffiJ^l31JlWUgiSlSl3pt3SR|H1CU ( ffllp= r ) 1 fitifmmiB* 

f 2 .p' 


M +M'= 


P 
2 n 


1 - 


3 r 


(9.43) 


ttSCU M tflHHti&RfnltjHIS 3t3 M' 1 

U n i* v n i* 

tRHIBRflJUflRHIUWWMIUJtlJtB flat plate lMUJji3|nBtimfJfTm flexural local capacity 

rani plate iBlnanuBMMn wnnuBTHBmmiin inHiBnHmHrauTiRraiiJitiitiiBTHiaSMHHtii 

A ct LiUi nj Li Li Lics'U 

UJimitUMHfTU 9.43 1 


nwMiaHHia Yield Line raMntmnirantitranttmitiniBM 

1 n v U i U i U 

Yield-Line Moment Strength of a Two-Way Prestressed Concrete Plate 
qmtmand. /frfiimmiwMiaHHts nominal lUMRTHinnuntiiniRarsnaniBMiBlRaqBiuiin/i 

d.lQ I^mMBHtsirnmraRarmaMHtilUtilHmraRa (prestressing strands are bonded) 1 

v* Li | Li « w 1 A 

dtarntjantn: 

ubr: 

i 

ngsiuutifi d.la. jnaHtiMiRUBRMiuiBimBmnnimmafnitnnn 

W u =1.2 W D +1.6 W L = 186 psf 
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ttflHJNSKTjl TtlRRHMMJ^tJSRQQant 5 tJTnTlfiJtSlRt 3 tt 3 SRTH 1 CUtjltj (continuous plate 

Li ^t> <in | U tf. ct Li v 

field) mJ™ 7 rawitiR 9.4.12 AtsBitiirmH: 

1 n v n c* v U 


P A = 4 nM n 


UBmHHIUl P„ =186x20 


24 + 18 


V 


= 78,120/6(34.8iuv) C 9HSfdfiJJ|R!fnStinCU) 


P 7R 1 ?0 

UBRHtHimi p n = — = Q9 = 86,800/Z?(38.6) 

HHtiimsnHtHfmi M„ MttnmJ3fiBB[UlB= — = f 6 ; 00 = 6910Zfc(30.7JUV) 


4 n 4x3.14 


20x14 

fflfiJHHCU p = — = 28.4m. 

11 ' 1 


n 


fiJSfi r = 17. 5 ft = 210 in. IU1BJ M=M"\ ISIS 


M 'n = — 

n 4 n 


\*L 

3 r 


r 


= 6910 


l 2x28.4 
v ” 3x210 


= 62SlIb(2SkN) 


tJMMiaHHmtitUHlBfnS : 

i n v n 


itJRRTHiwsimnuBMMrfiJniinBinBTnftnBnniiHiJBBitiiTrnH 

U 3 Lru V Li 

A n . = fTlUITURl3Tma 270-K HtittSfi 0.5in.BBBU = 3x0.153 = 0.459m. 2 

pz U i U n is- u 

f py = 243 , 000 psi{l , 61 5 MPa) 
f ps =\l 9 , 256 psi tSl‘Lfii 3 fJfJJS 1 i 3 Ri 3 
f' c = 4 , 000 psi{ 27 , 58 MPa) 
tiBiBs ttP f Py ^^sfnnntuimsfnjtnn i 

A, =6#4 = 6x0.2 = 1.2 in 2 


f y = 60,000 psi 

fffiffifiiffffij ( moment strength ) M n 
d p = d = 6.5-1 = 5.5 in. 
b = 33.5in. (nqmumin d.lQ) 

A sf y + A psf P y _ 1 .2 x 60,000 + 0.459 x 243,000 


a = 


0.85 f' c b 


0.85x4,000x33.5 


= 1.61m.(40.9mm) 


IIMMtiHHauJtUinBHIB M n = AJ y \ d-- + A ps f py \ d v ~- 


sJ y 


ps J py\ P 


imsftimwsnnmttbipfibimbntsM 


673 



HtmlgjiromMMiafiftro 


NPIC 


= 1.2x60,000 


5.5- 


1.61 


-0.459x243,000 


5.5- 


1.61 


= 338,040 + 523,666 = 86 1,706m. - lb 

HHi3QR?n M = 861,706 = 25,723 in. -lb /in. = 25,1231b 
v " 33.5 


l erttnatr/M n 

** •=* 1 q _i_ 94 

SSti slab band 9fiJ N-S = - — — 


= 21/f(6.4m) 


SSi3 slab band Sfd E-W = 20 ft 

titHSS ITTJ b = 21 ft = 252 in. 1 luimmUITUfitiTtntiHIUA,,. = 270-K HtinSfl 0.5m. 

V U J U i U i ps n is- 

ess in iiJimtmiliJRiainiRiaTinasiaiwMHiBliRnaHUBMMi !iJtiiHBRHtsifiMmBiit3Ttia 

U Lj i U ct tx Li i 

fdlRfnn usiiiraiams 

i 

mm|uni3[fnt3anm A ps = 11x0,153 =o.oo 67 m. 2 / m. 


a = 


252 

0.0067 x 243,000 
0.86x4,000x1 


= 0.48m. 


BHiitmfn =0.0067x243,000 

V O n 


5.5- 


0.48 


= 8.564 in. -lb/ in. 


= 8,564^(38.09^77) 

HHtiRtHfmi M n = 6287/Z?. < M„ itiCUffltsHlS = 8,564/Z? O.K. 

n limit theoru solution, imaHit3i5mflmRn^nnn|URti|ini3tnB 
1 ms RlftfllRtUUIBSTRfRRUmnJRlIRimR UhJfdti yield -line shear ISitfiaSTH sn 
IRRnSRj serviceability Biafiintfltn HRMRflRtUlSlHim^rdfjfiJ 

RtHHHtimtiTMWMTtnU failur mechanism ItJtlJtnBTJlJimiBlRtiUiR 9.14.2 1 IRjnBlBRlJTRfi 

cu V Li u Li ui -\j c* c* c? Liu 

nSR| serviceability MTH1UfniTRUTRaimHini8tnBtmaTMtlIlJt3!lJtlIBailtnriURi3!tin 11.9 

eJ -'Ll ULictU Litju U c* c* 

iBiiMfiifliiB* 5riRiiTRUTRi3tmHira8iBlinfermi3inaraRi3iTtiRaTHii3 1 

U n U U ct u u* l Li 1 Li 
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fktung 

d.9. MRJlR[l^Sinummt|Uf1t3yTlt3nrsrJtSlnt3gmUlJM d.to i£3lffiltn[Rli3fiJBH£lJ (equivalent 
frame method) |!JMSraRCin?1fiJfiJnslRi3SfiJ E - W [Rltiisynsltil 24 ft{l. 32m) ttfrffifiRnHRj 
tslnm i MRnlfnRRTHicufiJTfriufrijnfimt 3 ii 3 stiRHiamfi si 3 RonfifnnjJitJjra:tncut!i 3 HRtJJtn 

u u n su 

fiJTHiufinjiinjtnjti stitstiffiTHinjsQJi stinujui^fufitjiHtiJstifrinuitiHsnTi?i Tu^stunTHitusori 

U n c? iU a U U U u lmU U a 

[sgtijnli^cussm§§jHisfrint 3 itJR i 

d.la. MRJIRtlflSI flat plate tSlRDRUUTIS £.9 ?£3lffintn?[UTlfltfl lift slab ttinjySitllffiWWntfRtitS 
tltiimtsimaras P.9.2 I MSRtflHSH1SHHi3HltjH1STRftnS^JnRTH1CU8[UllSiMfiJJ SDTRRHSRT 

in ~o ct v ^ TJ ts Liu & U a Lit) U 

1 

fjynufnntfitn 

12' x 12* 



Figure P 9.2 Lift slab at column support. 

d.m. MRJllfDR flate plate SSlfititkamS d.9 yield-line Si3t|iljmRjtJCUSt3CUMRJl 

RlUlSltilBffiSi) equivalent frame design tuWi{mslRi313tamS £.9 1 


mnsmmnjsmmtifrmtifmtinrsM 

U c? U & / U / U 
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X. fiOnMTH1tjH43mtJt!t3trafii3Tent3 

U n i U i U 

Connections for Prestressed Concrete Elements 

90.9. t&JtjmfjH (Introduction) 

nmBiuMnnjinrnntiiuBR atantarmariitiRHmiuMitimMHBiBlitimiJniiBiiminiRU 

U l Li ot u riesct EJ Li 

t^tutitijsfMrfnntituTunstTRlaua i usmSnjmHtnrntiRtinHsmmmRR 

3 C 5 J 1 *. Pi U ^ U C» u U PI < 4 i c? U U 

1 1 

it3fn!nriuangmfnumm«9 fmmBifinnuBfiSTro fignniimmH mitiiMunngiiJtiiiRmfffa 

-o m i run dj U & yy m pi vJ 

t wT EU ftTl J long-term creep Sr3 shrinkage, differential movement ruTdn jLTItU SUflSnnJJtJfj 

MHiuimm 

i in 

iflimrminim^BimBHmmiJtiitnBtiinimnsnmtiiaimBiRtiniiiBiTt^tauflmtaHtii Asia* 

1 3 c* Li e? Li U Pi V V 

!T[R!h 1S nominal design strength Btjli3 nominal design strength 1 iH 

rnmuBRutBHtffiaiunBninM 1.3 TnJtnBimTuialntafTiiMnnHimBirniHfnniRitiimtiiaRinji 

1 dj Liu U ct O cy 

insensitive connection uBtfl pad column base 1 inMnpnnilBlHniimi3HMMtjnURH1l3 

mmmHBwitifiHujmtn 0.2 timsusmtiramjj it5mnja!mR|nfitir bearing pad ititutnsmfiji 
miilBlStRHtRJ “1 

RinjiiiJWTHJtnBinnRnBinjnMTHiunMMtiiBlnarniMniiRniiBiHimHiBiJBBitanmH: 

Liu Li 1 pi ct rJ y Li 

1 . Load transfer mechanism 

2. IHRIUlUBfi (load factors) 

1 

3. fnJtrifjyJH'l^ (volumetric changes) 

4. fnnmn (ductility) 

5. fnmllHI (Durability) 

6. (fire resistance) 

7. R^HRHR^B S t3 jjj fSJdS fi “[B J ffl J (required tolerance and clearance) 

8. minBlinni!lJtlI9ingl3Bi3rnitJllfil^[ti (erection-related consideration) 

9. minBiinni!iJtiimngi3Bi3infnMaimrTi BtijnffiMBiflTfltjm 

1 n 1 u 

10. IfLiuRQtSfnJCUHPinnJl (economics of the details of the connection) 
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90.13. ntBtmnUB (Tolerance) 

Table 10.1 Tolerances for Connections 


Item 

Recommended tolerances* in. 

Field-placed anchor bolts (transit or template) 
Elevation of field cast footings and piers 
Structural Precast Concrete 

HN r— I 

-H +t 

Position of plates 
Location of inserts 
Location of bearing plates 
Location of blockouts 
Length 
Overall depth 
Width of stem 
Overall width 

Horizontal deviation of ends from square 

Vertical deviation of ends from square 

Bearing deviation from plane 

Position of post-tensioning ducts in precast members 

Architectural Precast Concrete 

±1 

±1 

±5 

±1 

±1 

±1 

±1 

±1 

±1 

±1 per ft of height 

±ft 

±1 

Length or width 
Thickness 

Location of blackouts 
Location of anchors and inserts 
Warpage or squareness 

life per 10 ft, but not less than ±1 

+1-1 

±1 

±i 

±1 in 6 ft 


Joint widths 

— specified I- 1 

— min. and max. dimensions 1 and f 


♦Other construction materials may control tolerances selected. 

jnTHfn[mntiianjinnjiTui9ri*ifii3HaHmHfnntiimMi3 *i iRTRiRnjiRBRititamBRTHfi 

Lru U U vJ n n Liu Li 

HR^BSMTRftnaHBtTTin samaaiiJtiJRTHRHR^aHaTRftnaHatmR itfiminRnnutntUTuigris 
eoTHiunfnsimss i BiairrnH^RTHRHn^aiiJwfimBnMTinuBtritijtiimalnanH mmj sa 

U d Li Li Li ct ct 

spandrel panel : 

i. RiJiraruwRtintiriBRiafiJtiJtnBRimRialRtinti: ±o.5m. MTtnuMMi u 5 h 

Li Liu ct cu ct cu Li M ct 
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2 . miiiimtjinialnautiriumKTHtiiiJtiiTMUifflaaHmHmi: 1/40 m. ms 1 ft trubhuJcij 

■o ct ni a u Lj ct ^ U ct 

sfriti 20 ft TOnri?irafjfijri3jnnj3cu?s1tmjEn?iijtjit3 20 ft, o.5m. rdTHitj^nnfifjraj 
ttJturniRfiitijngi 20 ft 1 

3. fnngfjglts relative position JilfjfiJfiJntlCUiSiifijJn relative position t^CUtJlSntUlFi: 
0.5m. iSi jjll3S]n[HnOJ (deck level) 1 

4. CUtilRnRSllJltinCU (plumb); ±0.25m. fi3|H1UntUmH 10/t. HRUJWlfRH lm. fd{tflU 
RHfjml3Hnn 

n v 

5. fnnt|tJ|tJtUtSR|HfiRHrjrarj bearing surface nR|HfmHfdlJlCUtnSf1[Ulfi: ±0.5m. 
fi3{HTOfi3fi3i StigHSItiHfd Sl3fi3|H1tj|Rtjs?nl3 1 

6. tUtiimgfiSItiiOirafj spandrel nR|H?mHrjtt3tUtnSfi[Ulfi: 0.5m. . 
spandrel 

7. CUl3imSR|H?iRHfjnJfj bearing surface ni8j|fdmsit8jJS]itlCUfnSR[Ul?i: l/40m. 

nta l ft MTHimmjtsH8tjii3 20 ft UMfdnmjnnticumiRnmRijtjii) 20 ft . hrijjhi 
trh o.5m. fdTHitJTRTjRHilDtjiD tnM 20 ft tifdfdnmjnnui?inEmrestjii3 UIM 

Li Li Li ct -Vi ^t. J m eJ cu ct Li "vi 

20 ft 1 

8. m|H!J|HCUn bearing length ltltUfnSR[UlfhSitWS|H: 3/4m. 1 

9. m|HtJ|HCUn bearing width ISltnJSfH: ±0.5m. 1 

10. fnn?fi[Rl3mfd|tjl3mH: 0.25m. 

mnti 90. 9 §js!R|HR0jmjl3ttlnjmQHs!RM|HiijRani 


90.CJ1. (Composite Members) 

amticutnsufijnijcuHmsimi^nRs^ ts1tt3R^.99. iRiR^isifnntajRHia 

V U ct V c* ct ct Liu <ii tu 

mR?riHSMitlms1|Rm^idij!ii3HaRaiR|fmij si3 situ -cast -topping i gmuumi utfinin 

nHIflHSJ Hifl (interaction forces) Sti flowchart iSn ulShfl Ec.d.lO §J operational step-by-step 


design procedure SllfiJHfTlJRCinSliuClJHIijHSlRfnS (applicable design equation) 1 jtlS Ec.9Cj 
tsgmuunli eken itREumjMRnRcinsitjCusIstJi si3Rcm?mifj dowel iticuHisfisncuticufTintji 
inniicunitsRHil3fTififriHsriJitlRjlil3Hl3mt3cufritjEn'i 

■va -o tu n u- <=t 
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90.6. T9mU9THtUfit3Jrmm3lfit3Ht3FiMHlM 

U U i c* n 

Reinforced Concrete Bearing in Composite Members 

JUS 90.9 tliJimCI composite-action dowel reinforcement 1 iuH|fTliCTintJ?ii3tuCUtjo 

V Lfl A e*J i 

bearing iRTRiHsfRRHitisHaiTRliglttij 

bearing !iJtiiHia9trii3|RU|tnB i fnn5!uuiB*Ri3|mi3!iJni9gwtnBrimBmnn[mRai3HBi3iti}M 
IIMMtiMtiRinMraRi3I9 1 IRHIBRUJIR nominal bearing strength JUtihURtiM9RlHWHR1I8'lia 
IffTIH 


Topping 


/ 



Dowel 



(a) 


<b) 


(c> 


Figure 10.1 Typical dowel-action reinforcement, (a) Situ-cast topping on precast 
section, (b) Support section, (c) Midspan section. 


V n = C r (0.85/' c Aj)Va 2 /A, < 1.2 f' c A L (10.1) 

ttitU C r =1.0 lBltntlJtRlJimiJRn^i3tBlRtJ9MItIMR91i3U8RlH9Mtl3R (horizontal frictional 
force) N„ tiBIUirmBlRtiJTJg 90.1a UIBlmUJltiUJIRmR JV„=0 1 IRHlBRimR C r 

7 u v -nj ot y i* I 

= (SxW /200 ) Nu,Vu ftiHJTR9TlIti SxW HBTRfBtjlti 9.0m. 2 ItlimflTRitnBUiJUn 

\ / u vJ Liu Liu in ~o 

tslmaras 90. m 1 

«=* V 

A = inaptti direct bearing 

a 2 = tR^itiHRuiHiraMB![mRtBttig|HiiJwtnBntiBiniitntR|Mii3ji3mBi3|R9pitiia 

USR tiBTJiJUTlRtiJTJg 90.CT1 1 

<2j v in -o ct v 

Design bearing strength n 
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Vu=W n 

to (j) = 0.70 1 l3l5ltijMfli3WlHI|TI8 Sti spalling tolRfiI^tiItfrmtBtiBJIBl81iaBWUM thin- 
stemmed member, n u /# v i#3 

( 9.52 mm ) iSliHCUiutU bearing area Rtsfrlti 2m. 2 (l 2.9cm 2 ) 1 

pMBimjamHHUJl V u Gtflti design bearing strength V u = (/)V n ubiutlJulSritinSin 
MBfllJ 90.9. iai8IR|Rfmi?lJRnLSaiaint3 bearing area 1 IRintiMRJIRnJiailiJRIBJUJimpM 
shear -friction ftinnijunuiBlgtiTjClR & 1 m|R!MRJ1R[UlSl reinforced bearing WtjnUHtifiBIR 

i 

IMltiffiaHM IWRiniaiRRUntURia S13 hollow -core slab l3lj[RlI[niWlHl|TI*RlHgMUjR 3t3 
tmHira*RiHBMumTnalTRia!iJR8ii3iTRiutiRiuMnHTRtiBTH i iRHiBWBRmriiTBfiiTJMftnH 

c* Li tuj Li Li 1 ofc Li Li vt> Li ct 

iTu*&ii3Bai*mMiRmnrauTiRTuiiJi[iiBi3 20 ° tiBmjrmalRiajTJB 90.b*i njwsra v„ imsia 
RHiaRiRiHRim (torwuiBlBmjtsimHtTmMBfi) iRRiRimRRtHiuMRHiaRiRiJBUiJifTiial 

nj l Li ill ct Lj »t y tu tu I) Ut ~o 

niamnia 90.1a M|jnuiHR[m shear-friction pwBmriHfimtn n e i 



Figure 10.2 Reinforced bearing end in beam. 
Table 10.2 Maximum Applied Factored Force V u , lb 

Crack Interface Condition 

Recommended ix 

Maximum n. 

Maximum V w lb 

1. Concrete to concrete, cast monolithically 

1.4X 

3.4 

o.30 \-/;a„ £ 1,000 \.-A„ 

2. Concrete to hardened concrete with roughened 




surface 

1.0X 

2.9 

o.25 x j /;a„ £ 1.000 X J A*, 

3. Concrete to concrete 

0.6X 

2.2 

0.20X : /;A„S800X 2 A„ 

4. Concrete to steel 

0.7k 

2.4 

o.20x : /;/4„ < soo x 2 a„ 
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u u di su c* Lj Li 

V„ 


up 


Vf </>M e fy 

tuCU V u ! (/> = nominal strength V n 


( 10 . 2 ) 


f y = yield strength JOfj A v/ 

v„_ = mnammHmmHaiHB iiJninnjimiJiBifitHiiJtii^TiBlnamna ®o.b mitu 

up su i i n su ct 

1,000 AA cr ju 


Ve 


up 


ttitlJ A = 1.0 rJ|HimURl3SHS]jtntlJ, 0.85 fdjWd sand -lightweight Sl3 0.75 M[H1U all - 
lightweight concrete 1 

A cr = itJtmmntsmnfiiMBa i d b tticu i d tin development 

length JTJW A vf ttTIffi b tjlBBiaHnjHJUMHtiH 1 




Section 


Figure 10.3 Bearing area on a concrete pad. 
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mna ®o.tn §j development length i d M|jnu9uiiiJmiiji35 1 imntsRimnliJRumji A sh 
iflnifnnsTiHwiHiTU8STiHgMiiJniJt3&ianrnH 

c* U v u 


A _ (A f +A n)fy 
A sh ~ , - 

M e J ys 

(10.4) 

fo m ... 1,000/1/4 // 

tuCU i“e = n 7T7“ 

[A v / +A n )f y 

(10.5) 

ttritU f ys = yield strength Jtlfj A sh 



islmaras 90.1b to 

ct V 

A n =N u /(</fy) 

(10.6) 


to n „ = RHiagiminHgMuJRHafHaiHHimiiJtiiiRaigiBautitinHiragMBn 

Wtu-O 1 67 1 tlJC*Lj^t> 

^ = iHmrnmnuBmnMMti =0.75 

' 1 i 67 


Table 10.3 Tension Reinforcement and Development Length (Inches) For 
f' c = 4,000’* psi concrete f y = 60,000 psi Steel (a, p, X = 1 .0, y = 0.8 for #6 
Bars or Smaller and = 1 .0 for #7 Bars and Larger) 


Development length, l d m (in.) 


Bar 

Size 

Cross- 
Sectional 
Area (in. 2 ) 

Bar 

Diameter (in.) 

s > 2d b or *d b 

< #6: l d = 36d b 
>#7: l d = 48 d„ 

Other 

>#6: / rf = 57 d b 
>#7: ! d - 72d b 

0) 

(2) 

( 3 ) 

( 4 ) 

( 5 ) 

3 

0.11 

0.375 

15 

21 

4 

0.20 

0.500 

19 

29 

5 

0.31 

0.625 

24 

36 

6 

0.44 

0.750 

29 

43 

7 

0.60 

0.875 

42 

63 

8 

0.79 

1.000 

48 

72 

9 

1.00 

1.128 

54 

81 

10 

1.27 

1.270 

61 

92 

11 

1.56 

1.410 

68 

102 

14 

2.25 

1.693 

82 

122 

18 

4.00 

2.257 

108 

163 


•Confined 

♦♦For /' values different from 4000 psi. multiply table values by ( V4.000//)'). For 
f - 4t).(XK) psi. multiply by jj: V/,' should not exceed 100. 

? For Compression development length. /, = Kl M , where l ljh = 0.02 f' > 0.00034,/, and 
X, = Required /t./Provided 4, or X,, = 0.75 for spirally confined reinforcement. 

"Multiply table values by: 
a = 1.3 for top reinforcement 
X = 1 .3 for lightweight aggregate 

3 = 1.5 for epoxy-coated bars with cover less than 34,, or clear spacing less than (v/,, and 3 
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LfU n U U 1 suc*Uv' 1 >£Jh 


development length UltfimRIItipiglBauJRlRia (angles), ttlmJSS tJCuRSEIR (hooks) UjHJUcSr 
RH1l3StjsCUtt3tUtnSR[lilS1 1 


90.6.9. Rfmmt9mU9tHtURi3frmH (Reinforced Bearing Design) 
fitnUlMfi 90.92 RHTORflCTRRttTRIflriiltsRCR'ICin PCI standard 16RB28 JtfRBItfRlRCHflCUmmn 
V u =90,0001b(400kN) SRRHlRSiniRlHSriJltlR N„ = 21, 000lb(93 AkN) 1 §H{RltnS[SCSlCCU 
Teflon pad Stfl 4m.x4m.(l0cmxl0cm) 1 RClIl SI end reinforcement CfllRtigHttiCUmtsRlJmJRlJ 
CRRH1S bearing crack RlHSfdttlR tJRlHSfdflin 1 1R§jSSSffi81flt|RlH: 


f' c = 5,000 psi{34Al MPa) UJRflSHSRHRl 
f y =60,000 psi MLHimtiRnHtnmtiHM (413.7MP«) 

9 = 20° 


titamijantn: 


ttiRfnHSMttiR (A vf + A n ) 


MfjnuRiinimmiJRriLSamHBMiiJR. rmRtujfliuR #6 
RHfJRH h = 28m. b = 16m. 


HRinfl 90.01, l d =29 in. 


A cr = l d b = 29x16 = 464/n. 2 


HRinfl 90.10, ju = 1.4 SflnfdHRIJ 90 icn 


1,000/L4 C ,.// _ 1,000x1.0x464x1.4 
Vf p “ 90,000 


90,000 


= 10.61 > u„ HSC1TIR =3.4 

' C i rn 


titHSSCfU p e =3.4 


nrdHRU io .2 
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titnss tun n u = 21,000 lb 1 

nrjHfnj 10 . 6 , A n = N u /</f y = 2 1,000 /(o.75x 60, 000 ) = o.47m. 2 ( 2 . 94 cm 2 ) 


A s = A vf +A n = 0.59 + 0.47 = 1 .06 in. 2 (6.63 cm 2 ) 
titslSS IjlJ 3#6 = 1.32m. 2 (8.52cm 2 ) 

tfiFTtlCTlJI ( A sh ) 

nfiinn 6)0. tn, l d = development length ruTiTEun #6 = 29m. (74cm) St3 A cr =l d b = 
29x16 = 464m 2 (3,1 59cm 2 ) 1 nMHfTIJ 10.5 




1,000/1 A cr n 1,000x1.0x464x1.4 

(A vf + A n )f y ~ 0.93x60,000 


= n.64 > u„ Hsnrm =3.4 

• c i m 


titslSS ju' e = 3A 1 nfJHfTlJ 10.4 

( A vf +A n)fy _ 0.93x60,000 


A sh 


M'ef 


e J ys 


3.4x60,000 


= 0.27m. 


! (l.74cm 2 ) 


timSS ipltffimi (stirrup) = 0.66m. 2 (4.26cm 2 ) 


90.6. Dapped-End Beam Connections 



Figure 10.4 Cracking and reinforcement in dapped-end beam connections. 
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Dapped -end beam ^Hl3mra^anSllJtlIH1BrniUBmRHMnHfTlH5ialBl43t3l3IUMfllBH ! f 

1 1 nUUpi «vn<=tru 1 e-J 

gtUSJ seating U bearing BltniStSlttU corbel !J bracket UJimmBmitnnuti clear height Iflti 


rmnsmaiRRHIS: M'lHITTJMUJS 2 tilMlHITtlSRinafnRUJimtiltlj (direct shear crack) Biniini] 

Li at Li cfcLisu di v ' 

MiHinisitus 3. inis 4 SUIEU8 5 ^imHirajRHiagirTiHaKTBafiJtmiaiiJimRinaBicTimHHm 

ct Li ct Li tu "O n Liu n tu -xa 

aanHiauiiJiaiBlRaRHMBHiiJtiifnnuBm luimnaTmaraHtiifiialHmBTtiai tiBtas iRTRitfm 

re n ctn<=* «x 1 U U u n n ui u Liu 

i ii 

ruinmiJmiTSasiaiTmH tiBuinmiBlnaiu: 

U U Li u LT 1 "vj at tj 

l.lflRiafninn (flexural reinforcement) A f yRBtiltiRJtimimiTlRlHHn} A n lllEU 
A s = Ay + A n tuHjmJCTlJ cantilever bending stresses 1 

2. Shear -friction reinforcement A f +A n yRBtiUjRIiamimniRlHHRJ A n iuHjfmmi 
RmamHnmjnflimtiini (direct vertical shear force) IBi|nl3pM til Sign dapped Bti 
fgmtJtUHB dapped JUWBHUJtiratifijHIB^HiyJMtlJS 2 1 

3. Itinitifitntimn (shear reinforcement) A sh ^Hj9tjsraSl3Rl3|?Tli3mniHafi|Si31tlCU 
iRHHiBiBltHtiBiiJiBrnBttiaitJtiiua^jtriBtyiHttnsitiis 3 1 

4. ItJnil3RH1l391IT3HaR|9a (diagonal tension reinforcement) A h + A v iuHjfnimihTIH 
tra*wii84 itJtinnRnnaTtnaffifTiHaKTgiaiBlnaltiR papped rarj^H i 

Li 1 Li -on Lru at ct 1 X X ot 

5. Development length A s =A f +A h iBljjmimHyiHiymtlJSS taunfllWnRtiynti 
SimHtifiTSti talRttttlfitia dapped JilfdGH 1 

XJ n Liu ct ct A A ct 

1 

90.6.9. fnmiuimaRn^mStggugtijfnitnii 

Determination of Reinforcement to Resist Failure 

90.6.9.9. ftimtimitlfl StittimtifmgitflfnHHfTj (Flexure and Axial Tension) 

MTmdEUStiHHaiSlRttraS 90.6. HHtilHRtmMimtJtmBHlfilBlltiiltiR cantilever 

U v ct v u ii o ct 

dapped IBi|RiaytiinM A s R 


RTH1CU 1 JtlS 90.6 ummnBHIUfititraRtiTflititatnB dapped end RnsISItiGti 1 WlHtTtmil 

U v m -va ct ] Li i U y i ct U 


At u -V u a + N u (h + d) 
luCU h = RHfdrafdHtiRnirij dap 

n n 1 

d = RHMTTIMBfnniUM dap IBlgnj1jgH3IUw!tinriT§ti A. 

n Li eJ A Lj i zs Li o 


(10.7a) 



685 




mm1sjiramMiuiiiiS?[u 


NPIC 


a = lcyi 3 RH 1 t 3 fi 1 fi (shear span) 

M.. T?i!stjsCU^ 1 tIJnMfi 3 i 3 HHi 3 nominal = M „/</>. U 

U l_»y 1 n V n w ' -VA 


M„=- 


<!> 


IthmWBRTjlltftipMHthj jd = 0 . 9 d 
V u a + N u {h — d) 


F n = 


0.9 (/d 


( 10 . 7 b) 


( 10 . 8 ) 


iticu (f) = 0.90 Mtjnnminntnaia ^ uJimtmi 0 . 9 ^ = o.8i ^ = o.85 

tSl RDMHfTlJ 10.8 luHTSStUtilS 

c* W w 

V u a + N u {h-d) 


F n = 


tl 


17 U 

^ n / 

9 


(j)d 

V„ ( a\ N„fh-d^ 


a 

\d j 


d 


imsitimaminnuiiJian 


4 = 


F n _ V u a + N u (h-d) 


fy 


(If yd 


iinmiiJRiafTiiBiiTiiflimtiitiJuJtmiiiintiinmnagiin n„ r 

-o <* n ni -\j w 

A 

" “ #v 


( 10 . 9 a) 

( 10 . 9 b) 

(10.10) 

( 10 . 11 ) 


nwHfnj io.io aa io.ii, rnamtlMimuMitiRiaminRuujiti stffemtfmrmfmtfimtairimtmji 

u w <ii i n -ns & su 


4 - A f + 4 - ■ 




L \d) 


N, 


( u\ 


\d j 


( 10 . 12 ) 


tt3cu RtHlRMIUJITJM ^ = 0.85 1 


9O.S.9.10. ttiRiaRaiafTlRtJmjJtUltU^lClj (Direct Vertical Shear) 

mtn|u*ini82!iJwiRRnRmaRiRiiJim$itiitRitna9uiflimua}ia!iJRA s sda,, ib 1 r 13 
ras 90.6 1 tRHitiRtuiRttiRciTaaRiHSMttiR A h iStbTRJmnBmsuscijsanHiarrim^itiJtiitij 

V U ft Liy eJ su & 


R 1 HMHRlI 8 iai|rnH 


4 = 0 . 5 ( 4 - 4 ) 

( 10 . 13 ) 

9 V 

luCU A = “ + A„ 

3 «yHe 

( 10 . 14 a) 

A - N * 

AT? 

(f>Fy 

( 10 . 14 b) 
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Me 


1,000/1 bh/j 

V, 


tilHffiSiV = 0.85 S13 u, titslSlmifilHfnJ 10.3 1 titHSS 

v • r e y <=* y 


4 = 


2 Vu 
' y V '-’Me 


■N u 


(10.15) 


mmufj A,!iJtiiiraia1ni3MHmi 10.13 mrattiamHmannSmootiJtnsnrjHmj 10.12 

Ell •’ Ll ot U Ell X) 

Bia 10.15 1 


inrniuiaHiiJR A.nfimntHHUTmtn i.il mRmHBnjiBBtatBitindap u l mnwra 

Lru in *j eu e-J t* ] ] ct a ^ u ct 

ITU8UU85 IuimtsmBl81titiaiUMnHlflimtimfTimBlBia cross bar. angle U plates *1 IfiTfiiUtiH 
iuR?nHSfi3ttjR A h §ts?n itMtifiumji A sh sttttimimjj mt3m[9R a v n^JtnstimtJitusnn 
(hook) ITlHmiBlHBinUM ACI Code 1 

HMHijfiintimH nominal JTJW dap end TRltnSRhJlfiTRH 

i n eu 1 Lm U 


V n <0.30 f' c bd< 1,000M 


MTH 1 tmJfiti 9 HB 13 Htn. 

Li ) 1/ «» 


TJ 


V n < 


V < 


0.20- 


0.07« 


d 


f 'c bd 


800- 


280a 


bd 


(10.16a) 

(10.16b) 

(10.16c) 


Mfjnu sand -lightweight U all -lightweight concrete, ttftmmfiHfflnmtanBtflti ItJtU a til 
shear span Bi3 d tilRHMTUMBfnniUMnH 1 

l n Li O ct 


tt3fiIt3fn51t3S1fnfl43RT943T?ii3fnt3ftii3 

eu v n uu u U| 

Diagonal Tension at Reentrant Corner 

tR99wtnB!iJnnTSti!iJwTRffTiiiBHTgu9tiiBtiwiHtTU8ii}imtmiRtniam[TiHianTgian9H 

U Li L»u eJ ct Li eu -on L»u Li 

iflwnniriSHtBRiaTmiaraHtiifiiBlTRSifnBTtiiaiglrTiBitimiJtiiHB dapped nedHrmmmrmH 

IS- i Li Li y n Li Li] ct A A Li 



ttitU <j) = 0.85 Itlim f y IjI yield strength JUWUJfiEltSa A sh 1 


mnmiwuHtimmmpntiimti 
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90.t*.9.(s. tt3mt3f?tnt3mCTlHt3riTSms1fiti Dapped end 

CU M n L|| c* A A 

Diagonal Tension in the Dapped end 

tsinia dapped end, iRTfiftfimtiRuiBHA, tihiatim 

w ct Li n Liu c* 1 1 Lru o. S 

nominal fiJItJ V„ UHirnMHRlI 

Ed ,J in nj 1 H 'o 

Vn = Vj T = A ,fy + A h f y + 2Abdfff (10. 1 8) 

9 

maiimtsnmMmnrRfihmiJnmRnnintiitaiiJnnTSaiasumTi Bbibswhru io.is §i 

Liu n U tuJ V ,J 


1 


V, 


r-2 Abdfjf 


(10.19) 


2 fy \ f 

aomti 

1. rhwjtjw dapped end mtiitmBmMmnnnmwiafiHMntj iwmtuanHMnHistiia 
R[Hfmi i 

2 . TUMBiuRarmtinnuitnaiiJwRimmMTHinRHMtriiTiitiirn (full depth) jtimhsrir 

Li i U n 1 i 

Uhm IJTJTJBRIHfiim S13 gross section propertied 6ff~ c mH9ril|fnm dap, 

tRRitfm iflnnrSatmimmutaHialnanHiBHTuiSRnMMtinRuujiaKTHffni i 

u Li n «>-ctctEJriin n Uu 

3. in|RfiJimiJRiafnigi[T3HaR|BaA jA 9jfnatmRjmiB|tii3 a ftiRnjptitBstjiuJR 
UIBHiglinJltiRJtiRmtiRlfifiimBI (design shear reinforcement) ltinJffifR1JM{tnUH8 


mnnHiBnitnBnHMinm i 


90.tf.lQ. nnnmnmmnd Dapped end Beam 

Dapped-End Beam Connection Design 
qmtnmfi 90.b: §HrdRtil]pni3[mti PCI standard 16RB28 IBW dapped iSlSliahilEdjWj 

bearing talttU column corbel, Jl3S!RH1l3friPiSSinimfJ[UltSi81l3Hl3 V u = U0,0001b(4S9kN) 
sliRHiiisinimHHRjmHsriJiJiR n u = 20,oooib(9i.9kN) i RMBiftiRitiRiirifiTJittHa ftiRia 
nmamRiBimtiini BtiftiRitiRiimigjitifitBti A s ,A sh ,A h sta a v iBni|RiRiiM|HiuRiimiMiH 
IjTfS ttlCUtiniTlCUn dapping tag HSItataia 1 SSStulBtmR^jHIS f' c = 5,000 psi(34.5MPa) 
tuim/y = 60 , 000 psi( 414 Mpa) 1 

Btamsiantn: 

fdSfiltl shear span a = 6m.(l 52mm ) , nHfdjjjfdSfnn dapped -end d = 1 6z«.(406mm) 
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StS h = 1 8m.(457mm) 1 

femtifmrm aastJnjtirnjsinifnHffnj a. 


N 20,000 


= 0.18 < 0.20 


V u 1 10,000 
titHSS N u = 0.20 x 110,000 = 22, 000/Z?(97.9£iV) 


4 = 


#v 


V.. 




rf 


/T 1 O 

1 10,00 X — + 22,000 X — 
16 16 


= 1 ,46m/ 


0.75x60,000 

ttifnantnafnmUimtJifij a v sa A h 

cu at an 

nmna 90. lo , pi = i .4/1 ttltu A = l.o i ustohr nroHmi io.i4c ttitu b MfHTOHSfrm 
16RB28 1MS13 16m. 

1,000/1 bhpi 1,000x1.0x16x18x1.4 


ju e 


110,000 


: = 3.67 > u p HSmiRH?nJJHl= 3.4 

‘ *• i m 


titslSS l]U /u e =3.4 1 USIUHR nMHfflJ 10.5 


4 = 


# 


2 Vu 
y \3/J e 


-N„ 


1 


0.75x60,000 


2x110,000 

3x3.4 


- 22,000 


= 0.96 in/ 


<A = 1.46m. 2 tilSHRntKHS 


titttSS IjjJ A s = 1.46m. 2 ( 9 . 1cm 2 ) 1 ISliiitfR 3#7 = 1.80m. 2 luW^UjTTlS 1 


nfilHRlJ 10.4b 
N, 


22,000 


A = "“ = — 7^1^ = 0.49m. 2 (3.0cm 2 ) 

<ff y 0.75x60,000 v ’ 


eimhrii 10 . 13 , itJRiiaRmarnnsTiHgMiiJRrnHmHRHMiuMnHH A h =o.5(a s -a„) = 

0 . 5 ( 1 . 29 -0.43) = 0.43m. 2 ( 2 . 77 cm 2 ) 1 titHSS MlR[lIj43tlJR 2#3 = 2(2 x 0.1 1) = 0.44m. 2 
(2.84cm 2 ) IlJtlllRTRiltittitilRfltilUBUmU 1 HIHRlITRRtlBRTriMHRlI 10.16a HMHijRtritiRlR 

\ / Liu I no, Lnj U 1 o cu 


nominal n 


V n I StbHIQinfiHIS = 800 bcl = 800 x 1 6 x 16 = 204,800/Z? 
V n RtHfRII = = 1 IQ ^ JQ = 146,667/Z? < 204,800/6 


</> 0.75 

ttiRnTaaumrntJRiigitTiHtariTgmBlRiBTtia 

U cuJ -v> n Uu Ui 

nrjHfnj 10.19 


O.K. 


ttnnuimtiHtimmtnpfftiiinti 
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A 

**sh jr 

#v 


110,000 


= 2.45m. 15.3cm 


(l 5.3cm 2 ) 


0.75x60,000 

Sgiss wmtmaiiJRnangBn #4, a =2x0.20 = 0.40m. 2 ^ BBBitJMuJRRa 2.16/0.4 = 5.4 

1) e<J s u 

tiBIBMTtJ 6#4 ttiniTfiftnBTUHni&BlHRlBTtjti 1 

V Lj Lru UycinUi 

ttififltpafmginiHafitgtJ A v tSlRU Dapped End 

RMBRli 10.19 


A v = 


1 


V , 


r -2 Mdfff 


2 f v V <t> 

UhifiitiRHltfRlR nominal ITJWraRaMBR 


2AM 777 = 2 X 1.0 X 16 X 16^/5,000 = 36,204//) 


USliJHR 


4 =- 


110,000 


-36,204 


= 0.92m. 


2 x 60,000 v 0.75 

tmnnijaiiJRRaHnjiu 4#4 = 4(2 x 0.20) = i.60m. 2 i ewurhb. a /; = o.44m. 2 Sbibs 
H filHRlJ 10.18 IIMHij RBltiRlR nominal MIUIUMH8R1RR 

1 n su 11 

V n tt3tUmt51RRHlS= A v f y + A h f y + 2Abdfff 


= 1 .60 x 60,000 + 0.44 x 60,000 + 36,034 

= 158,434 > — = 146,667//? O.K. 

<!> 

{RfinSRJRtHf R1J Development Length fiJ|tnURlltiR 

ItiRnjpa A,R 3#7 1 HRinti 90. m, MflnuftiR #7 , f' c = 5,000psi aa l d =42 in. 1 
RHfjgHlotUHS dapped = 2ft Ain. = 28 in. Until development length fditi= 28-d +l d = 
28-16 + 42 = 54m. 1 1 Si HI Ml I development length HUJUItn l d =42m. ijU l d =54 in. 

= Aft 6m.(l08cm) 1 

ItiRnjSaAa RiwRHRJJ U #4 1 StUSSHRintf 90.01. l.ll d =32m.(81cm) ntJRimgH 
dap 1 JUS 90. URlfTinRlitUHRiuRfiJTHlURnnRH dapped 1 

A U LTI-O U ctAA 
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(137 cm) 

figure 10.5 Reinforcing details for dapped-end beam connection in Example 10.2. 


90.e>. Brackets Sti Corbel fUfitiHIBH 

1 

Reinforced Concrete Brackets and Corbels 

Corbel tilGH cantilever 8 itiUJtiUJIfftU shear span ttURHM aid HSTRftitfltf 1.0 1 fllti 

ct cu lJ A n Ltu 

fitritifnnitfimtfiw V„ SttRHItfSiniRIHSfiJttlfi N„ 1 1tin 5.14 IBlntitjClfiEf. design flowchart 
talnanin 5 . 14.4 aagmuimn fi.ri tflaimnRHiflrijflfi gammaimaraM shear -friction talna 

ct ct in cu n in U n ct 

1 1 

fflJMRnfitUlSl corbel 1 miWHHMIIMIlJRIUMH[lJltiimiailSM81BHmiBHT89[mtiinSranami 

O W w w Ct 

MRnfmnsi corbel t^mnnntii9fnniuMfiiBHT9U9WBaHafHRtnaHaiHB i MiiMitJntiiHH 

O a eJ i n cu i n 

rani corbel niTflftnBu&icmglriaiTJB 90. Si 

v U v in -o ct v 


aanujmuiiamumtjpniiitnti 
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Figure 10.6 Typical corbel reinforcing details (see also Example 5.7.). 

90.ril. (Concrete Beam Ledges) 

IP beam ledge tBHj(SUSnQQ[UlQQt3§Hrapt3t(URt3(mt3mfi(rmumHSrdSSt3 lUlffi 
!T§mJRl3S|Hi3|fiJtjyi3mSi3 corbel fan ledge HIGUfcifjjHISetflH 

umTnJtiniJimialntiiug 90.nl 1 ruSsrausmtiusnHstfiu itfimHRriTtiatna. ledge beam nta 

ECU V 1/1 7J U <ii <ii U] 8 0 ct 

1 11 1 

STHtiHfm L mmffati spandrel beam 1 mitlimBl 

U tJ c? v i V II cu <ii 

ledge beam RHSIfimHmjMftnfiniisi BtiEigitnjiimglntitjrmti i lalnaiHntBiBjnuicnrifni 

< - J in O c«7j lJ i_n ~o 

Mf^HimB11lJRIl3Rmi3mHM|Hincantilevering ledge fawtftStSlHlStatmtijU shear span IW 
RHM Id Rtstflti TJIMBti 0.5 1 

n p v -v» ^ 
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Figure 10.7 Connection design for beam ledges, (a) Ledge beam cross section, 
(b) Plan and elevation. 


IfiTfiinimmMMtifitritimn nominal raw ledge TfitimBTtitiltfimntHfiBtjltilfinti 

Lm insu 0 U ui cu v <=* 

BumiHRtHfiJtiiBBtiiriMHfni smrrriHtijngnjiiSciJtEi^TSBSimTfriH 

suw U33 U U 

1. s>b + h 


V n =3hAfff(2l p+ b + h) 

(10.20a) 

V n = hly/f'c (2/ p +b + h + 2 d e ) 

(10.20b) 

sausnQBtuiBiSm 


V n =l.5hAyjf' c igI p + b + h + s ) 

(10.21a) 

Vn=hAfT^l p +^+d e + s 

(10.21b) 

jmitiWHJIBmiTJW ledge 



b = SSi3Jtifj bearing area 
h = RHMIUW ledge 


mnmimuHmmfimpBtiimti 
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s = RtmfnsusRQQtiriti 

1 

d e =t3HimnHnjiauamg1t3tigH 

mMsra ledge Tsusfitfitj uuaRBBimtiiiJtiiinBntuimmim iRRnjifiiiwwijRtntiRifi 

U Li "vj c>. i e»Jct inm 


no mi nal JtlfdHSfTlfi ledge Cl 

V„=24 hXfff (10.22) 

t£3cu v„ tiiRHiafTiHRtiHmiiRinralia *i tmaiunsninM iRTRi^TnMMtiRHiiBi v„ cmsiir 

't eu ctwnU Uu ,] l n M v* 

tmaiHRIlil V M =^y„ M|tnU ^ = 0.85 1 tUMBItJUBRIHfiimHBifiB V„ BtiiailMMtiRIUlBI tits 


itlcuRcuiRnfdHfnj 10 . 20 , 10.21 y 10 . 22 . iR|RiiftmiJRniMMiiJniH[mBi|Miiya|ni9lBa!iJR 

!fltlITRiRinalRi3Bi3 dapped beam t3Bt t3 CUTjl Bt If tlfltil Si ftlStti R 10.5 1 IBlRtiRJimtB* IRTRi 
RimmiJRiiaRiinR AjRmhru 90 uJRnjSwi3RiimmHtifi{giaurnjj (hanger) A sh n 
fdSfflJ 10.17 ttMtiRCIftfemSH ^IlJnil^RIBlMnMBiaiW BtiMIIMBiaipHIUM ledge n 


A t = 


200 1 p d 


fy 


(10.23) 


t£3cu 4^|RgpitiiuMiiJRni[unmiBlRa ledge i ifitfimtiRnjSti A sh uJimRtiriRiMiniwBgti 
6 h tBTtft33Hm9JTJM bearing mBHBTRfBtiiaCTlRRnnitllBinraifflRlBUBRUBlU 1 RUTlfiUjRHB 
ynltStiltiRHfd ledge h U 18m. ttfitU A sh tRftnBMRflR[mB1M|jnU ledge taHBfRJufBHtBl 
IWltiRItiRHItiRlfi BtiltiRItiRHItilHUJITJM ledge beam AJITJ 1 

su ru u l 


90.ri.9. RimiUlSlRtlilf HflltntBCTl (Design of Ledge Beam Connection) 

^z/7//w®a/77:i^i3ugnyHicdHmri3[inRJtims[RJtnstiji;sjt3n 10 ft -wide doubie-T |Rftna 
T9IS1H8R1RBHHRIIL MlaiJin tRTRfSlRtSi3ItIfii double -T ffil!3[UTltSlcSTfitji3[inijS1l3HfjtSl 

U 1 Ct vJ n L»u U 1 

CW ledge 1 RHiaRlRIHHimnmTISItiBti V„ = 24,000lb(l07 kN) RtilfjtiHGJ St3RH1l3mcnH1HSril 
UiR N u = 5,0001b(22.4kN) gtiltjtiHGJ 1 RimBinMMi3RtntiRlfi nominal JTJfii ledge S13MRJ1 
RimBlftiRpMBraBltnBI tR^J 

b = Ain. 
h = 12 in. 

d = 10.5m. 

Ip = 6m.(l5cm) 
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s = 48m.(l 22cm) 

f' c = 5,000 psi(34.5MPa) 

f y = 60,000/75/(4 \AMPa) 


rfmmtffinm: 


V u = 24,000 lb 
N u = 5,000 lb 


s = 48m. 


b + h- 4 + 12 = 16m. 


HtHHUTUmilUM d= b = 2m. 

tu eJ 2 


2/ p + b + h = 2x6 + 4 + 12 = 28 in. 

UJimwiI s>b + hSk 3 d p <2l„+b + h tUimHBifiWHRI 10.20b ttfimiJWMi3Rtril3RlfiUJtlJ 

V p 1 Cl 1 Cl £U 

H1QIRRH1S V n =hAfJf(21 p +b + h + 2d e )=l2xl.0yl5,000(2x6 + 4 + \2 + 2x2) = 27,1531b 


jjtui v u = 24,ooo//? dapped fan 

tUmamiciRmtna a_ 

n j 

Shear span a = 3 / /4 + 1.5 = 3x6/4 + 1.5 = 6m.(l5cm) 

UJltlJMU N u /V u = 5,000/24,000 = 0.21 > 20% tiBIBKRIJTJ N u = 5,0001b 1 
nfiJHRU 10.12 


t£3ntUfiTlJ 6h = 6x12 > s/2 = 24m., TOl31Bmt5Rnft3l3 s/2 = 24m. t3ltJjl3BHm9tBTJBR 1 

SStiJUfj band M|jnUfTlIlJimiJnii3fninHUiaii3 = 2 x 24 = 48m. itiimntinnuJfiHR- 

UIH1 h = \2in. 1 tiBIBMTmtiR 4#3t3lRl3 band width 48m. 3HGI9 = 0.44m. 2 > itiRfiTHlfTlJ 

V U c* I) Li*j 

o.38m. 2 1 tirnss i^miJRuiaHrinBiTniaBanHiBHTtiniiiJRMHHniMTHiuiBanHiiJtiiiJimmi 

y <n. Li i ct w n V Li ct e-J 

31131313 1 
1 


(120.8&V) 1 tiBtB8WWMl3Rtnl3R1fiR[mBl V u =</>V u = 0.75 X 27,153 = 20, 365Z& < RtntiRlRIH 
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ttifiummtimigicnHiJRTgiJ a h 

nil -o n Uu •>/* 

nMHfnj 10.17 


ttU hand width 48m. 1 titsiSS A sh l ft = 0.47/4 = 0.12m . 2 1 ft U #3@llm. 1 trfJtnmttJUififiti 
UStjfi5#3 tSlRrl bad width 48m. = 0.55m. 2 > HSmmt3RmHfmJ0.53rn. 2 1 US1UHR MTmUfni 

ct 1 LlU -in U 

iiUHsJns itubbb BtintmntiBmMTtnnuJnA, stiA.,, c 5#3 > ^ Gcufitti mBimSa 

in u u c* U s sit 

mtiiuMitinfiti A. h TnftnBnHumtiiiBlnaHsmma 5#3 iBmtitiimiraHtiifiHTHfmnaiiJmmi 

8 Lju if. ct i e*J n U u n Uu w 

V 1 1 

ttinmnnim a, 

n i 

nrjHfnj 10.23 


M|jnumiiJlIHBiRa IjmtinM Htma1|fltimB|til3IUM ledge ttiira^J 4#4 = 0.80m. 2 (JftiflBn 
12.7mm ) > 0.21m. 2 , O.K 1 




A+ - 5 #3/48' 


crack 


Figure 10.8 Ledge connection reinforcement in Example 10.3. 
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miHimmiiJtiiinBtiinniiririiTiitiirngiHffiirnfJfTinRinafTiK BtiRtnaiHUJiuw 

8 ~0 ~0 EU EU W 

H8fTlHMIUlBHT9U9WBl3RH1l3fTlHMIu!lJtmimBIlJimiSl3IUM double-T SltiHfd Si3HHi3iH£U 

1 1 w EU 1 M- V U 

liJnnRRiaTaiflimRiiHBiRiuMRinatjiRSRriiSaraM doubie-T i RinifununrRamtiuJRnrSia 

vJ in eu » U u m u 

rarj ledge iiJwtnBHimBiiBlRaEimuiiimiB^iR^itifiJRuiaHigliiihtiifiJRiaRmamnj stf 
IliRItiRinaiHtllflJtlimHBlIMTinuSHMIU 1 

EU U U ct ] 

ms 90. UilimfiRlIWHHraMMIIMIlJRMTHlURim ledge, UlBHStnBnUUmtlJttiRItiR- 

V m -vs U 0 l n is- 

nfitamni BaliJRiaRinaiHtiifiJtiiTRfMRiiMTHiunHHRi l mauni t 

'yj EU u L-»U O U Ct \J V 


90.CS. (Selected Connection Details) 

titntimtnsmtunmslRiaitaR 10.1 Rnji^ntSamuBuaiBiRaninBiTt^auflmtiHtiiiiJtii 

V U ctct U U 03- ot 1_| c3 U U (T\ u 

1 l l 

RingRlIIUMflRnJintslIlj^auStnBMiRfnn smnsiwjfnn t titSiSS design engineer {jnltflSmJ 

I 

ramRtffll381l3Rl3R1IMRIlR[mBl BatTSMUMBiHSRimiJtllMHTMUMTinUHtlllUlR fiJffiRICl Si3 

UctEUCt *J U VI U Ll U 11<V 

irdtina i nras 90.6s ticuras 90.9§ msuaimnmjtiJHRtsmmsRtiri^njtnsnBriJUfiitiinQS 1 

ct is. V V in-o U U U 
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Rear face of 
column 

Precast girder DocR 
segments 


Pneumatic 

tubes 



Symmetrical about 
center of building 


■ Anchors 


Beam assembly showing precast elements, temporary truss and prestressing 



Precast sill Section A-A 



Figure 10.9 Construction method and typical joint details in Gulf Life Pre- 
stressed Building, Jacksonville, Florida. 
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Figure 10.10 Connection of double-T flanges if no composite-action concrete 
topping is used. 




Figure 10.11 Typical precast floor-to-wall connections. 
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Figure 10.12 Typical double-T connections. 
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Figure 10.13 Connections through horizontal joints, (a) Weld plates, (b) Grouted 
splice sleeve, (c) Plate-bolt connections, (d) Post-tensioned connection. 
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Figure 10.14 Moment connections. 
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Topping 



Post-tensioning rod 
Post-tensioning conduit 


For erection only 


Figure 10.15 Floor-to-bearing wall connections. 
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Figure 10.16 Column base connections, (a) Base plate larger than column, (b) 
Flush base plate. 
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mtung 

90.9. bearing stress itJnranmwrmtntimnumjj 
81131313 V u =l25,0001b(556kN) Sl3RH1i3Sini?nHSfi3tt3R N u = 24,0001b(l07kN) tSlfitiRHBR- 
tmtUlPCI 16RB28 3utb^StSl81t3Qi3gHtw1tU pad STJ1 5in.x5in. 1 ffiR f' c = 5,000psi 
(34.47 MPa) TO?1l3SHS13H?n 313 f y = 60,000 psi(4l3. 7 MPa) 1 

90.10. JTJWBItJBHIBlfitiBIimiB 90.9 fgtftnB dapped tsl 81131313 JUMfl BtiUmitlJ corbel 3UR13 
BIMnim[mB1IlJnBUBt3miUU31t3 Sl3ttlRStjsl3RH1l3miilE3ltIJtriCUMTH1tj dapped end 

iBmmjmrrmmrusnHiarrifi stirmtnn i 

eJ ct U ju 

90.m. uJi*|wim qmuimn 90.cn MunuuBmHtjim v u = 29,ooozz>(i28&v) aa n u =2,500 lb 

(ll.l&V) 1 
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Prestressed Concrete Circular Storage Tanks and Shell Roofs 

99.9. t&JBmfiE (Introduction) 

tfistsl HianiaHnnunaiTURaTma^uBtSniutiHtaBTHtiiTt^aud BtiMtnuwnnuwR 

V V l U i U vJhi Li Li U m n U n 

i i 

fmjtrmnl gatmimma *i mnnmiraMfiHMim:iritiitiii3Ra:MnJntuiJiiTitsi iBlmnifanjiRMRii 

l i o' iu in -o vJ 

BtiR'limRBRBRtflRRJWH flJnBlBRUtnB fclOfil UIIBBtjltilBMtflHJRlB 

u -o niw o ct-oiU -* 

mntisiR^si 

i 

RBsraaiTuaSuaRaRinTtrRHianuRaTRiaJimiBlitihTR^iandntiHtiiRiBifffaiiJimw.s. 

15 Li Li y ct Li OJ Li l Li 3 Li U cri y o' vJ 

1 1 

Hewett ItJtUtilBHBjRIRiniRmm tie rod BaiRltURimmRRJltll (turnbuckle principle) IBluJtJ 
BMjfRJIp 9^130 1 UfStt3nn^iatt3ClIHlBTSiinnnm8HlB yield strength BimUTlW ttiEURCMRSi 
RatRitimniHBjRBHB^JBtiia 30,000 psi tj 35,000/wi ( 206.9 tffi 241.3 MPa ) 1 til mi HR 
RtmRUtiltURatHiaimunnimifiBIlJnraiimtlin concrete creep, shrinkage St3 steel relaxation 
MaiRtmintnRRtnairaRiaTflia *i itfimwimRumm iRiRnSrmtiRuJwtnBnMMiteM lalRti 

i cu U i U Li 'o inn <=t 

BfiJtfRtsi 9£&0 J.M. Crom tnBUlSRUJimitilRSmBJlRltllRmifii high-tensile wire tjtanflti 

naHwiuMinaraRaiTURaTHia i RntininnnaisHR iTRtoufiwRntiHtmjia 3,000 fRftnsnfina 

V 1 U 1 U Li U (Ti n V L/U 

1 1 

tsftattJitu'mssiriHariBfitdta^ 1 inaMRiiJtiitnBBtnBtiiaiRinBHaRBRiulRiJtii 300 //(92m) 1 

vJ n is- rJ n n ts- v J \ J 

RnjiMHTRfiBuaRaRinBRii BaiMiJRBiBRinTURHiairaRaTRiafnjiRainaiuRariliii 

1 W n c* o a is- U cu Li 1 Li a ^ 1 

lSRn(pt3RHR1RmmSHSCrnR§jH1SWim{Ug RtifHliaMtiRfim (circumferential “hugging” 
hoop stress in compression) IlJWtinnflimRin!lJRITURl3Tflil3riBll3ITRl^i![Tlinl3MRni3HtlIRtil 
UIBRIBMBH^RMTHIUniUUtnRWlHtni* IBiRtitimit3Bll3ITRl!lJtlin[initliriMH1BIUMtiIliaiRll3 

15- v* Li i ct u au> U n n l 

rdHiRgms BauBRMimmaiiJtiiintiMR i uiBRiBMitiiaiBfRRaRinBiTtiRiaTRiafimuhtmTtf 

n «*> l n 15- vJlJc* o' U i U a U 

ii i 

tendon Hm5tjR^UIBlBl3tiBWTRJtnBiraTtnMtml3BtiiBtlTlBIIBlmutill3IBiiniHIB81l3lSl3 UJltD 

w n o, L iy UU v V ii 

tmiHtUIUlRIMlJRBRl3RUB BtiUIBRIBM 1 

V 1 C5J 15. Ct 15 

HiardmStmmnumargnaftin itfimiiJtiiinBBimBlBaRiBa uBiRTtmmjiRiinitto ttitu 

n u u i u a su^aU 

mtnsmardRSR mDSRfdtu silo jntiwRtnjia atsfinttriRRH tT^auarmsmummmsimhnth 

u n h n L iLiUno-uU n 

iii i 

fiJHfS (offshore oil platform structure), cryogenic vessel Sti nuclear reactor pressure vessels 1 
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intsiHsm^auflmaias^RijmtmrnaiMa (thin shell) 

i 

HtifiSfiiuwfi i i^mimiHBHatTTiR^TtriBtmHiragnmHHiriuamSfTii imntitSi shell mrmtii 

n i* im^JctUU & 0 0 

WRtlh:mgj1Mm|fTlHmntJSmf R1J sa^mHthRtllllUSmtUrJ (overload condition) 1 


99.1a. ttnfUfnitin MtMJfTlJMfiflRlUlSI (Design Principles and Procedures) 
99.1a. 9. RHItlSIiJfJiJ (Internal Loads) 

i 

ritainmnmnSfTiiiuMHianiaHniliJnimnnaBafTiiriaRTmtiMtnnsianaiiJtiiunnitliri 

0 v d u n c* n 

Mtni:ilJnitiRial81l3Rl3inBHiniWH8RlRRTmnitirrnl3IRll3nl3M9nl3IMl3 (thin-wall cylindrical 

r\ <£ j «=t i U u* i vJ n x J 

shell) BtiRtritilTTJRtiTfliti radial BltitTRl Bl3inClI8*RH1l3iniRl3THil3amTl!lJtlItS9TRtnl381l3 

' m Li i Li U cucuUiU cuJ 0 nj 

Ri3H1SEUSi3 1 MtntiBHlRtitilMtnti radial U]R mB!raniWR1H9MUt71TIIlJtllinTMmiglBl3TtIin9 

<=* n <=* n 1 n U Uu cuJ U U 

fjHinttlcutamsImifnm raSsmrdHirrtJisn utimtimfinf MtnnumTinriiimiBliwtimitiina 

<n <^ct U J-) -NA (H 1 n EUJ u W- 

Hisnaimintui tiiHrastimliRtiMtRHRtJJHitsiTRtitnRrafjtjn'nRi tmimRgMBBtitiWMtnn 
ttJRitsnwRHMmaHniiuMtirma i RiinriiiraMtnnumTiiuMMini:!iJtiitnBtiiR[m:fiTRiu Satin 

n v w- U n cuJ n s 1 U v 

aititi UTRiuamtiiRHisriSTfdiSfSRissmjnTSitiirdHiamrjgMSHmwtimismstSn ras 

UuJct U n w- v 

99.9 usnninfTijnTSiffiMHiardTHiuRjnhtsmjSifiiJSRmsmsi i 

in U n U <in 



U 0 - restraining moment 
at base of fixed wall 

(a) 


(b) 


(0 


Id) 


Figure 11.1 Tank internal pressure diagrams, (a) Tank cross section, showing 
radial shear Q e and restraining moment M c at base for fixed-base walls, (b) Liquid 
pressure, triangular load, (c) Gaseous pressure, rectangular load, (d) Granular 
pressure, trapezoidal load. 


mtiamntiffdf stidtrmmumfftitmrftirtrit} 

n v V 1 U 1 U 
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TsStHStlSQHtUtJlSrarj cylindrical shell HBlmBllWRlIWRlllrTlR StilSllRiRliMRn 
Eim^timil3rarjml31|iJRi3|?nl3 *1 nmana (ring force) RtiRBItimniRti (ring tension) ISlRti 
timil3Mgnl31Ml3 (thin cylindrical wall) itflffifdSRRlSRlJStj (unrestrained) IBlBHaBtitBHSRIH 
uJfiBHHisig i BtiiiuMRinaRMHiinTRiBlBaMHiniiJtiiHBimaisiaRa BtimBHthjurmnfiH 

u su U n i n <=* v euj 

HIBfnHRHMraMtitTTiaiBI lUMBIUBaraMtimitJtnitnBBU (restrained) BtfilUM ring force ijjJ 
racu itrimHHtinnBaiRnHiBiBlnaHsmHnmTiiuMtitTnaina *i titnssstmufj ring force stie 
HlaumjI^HBnHBIBmniBfniBUIUM cylindrical shell IBl|Rti|tl!lJBIUMfl HJimfl[RftnSR[lJlSl 
n|SfdR[H1tlJtfTimHSJl^Q (elastic shell theory) 1 


TIBRfinmRnftBltWtJlRmClItfilGItMl Liquid Load on Freely Sliding Base 

CltHRISSHCUtflS (basic mechanics), ring force R 


i7 P d 
F = = pr 

2 

luimnatmtiRti (ring stress) R 
f _ pd _ pr 

ttitlJ d = HiJfitafiJUMMBliti 

n is- i vJ 

r = RIJUfilfilGnti 

] vJ 

t = RTHifiiticma 

U W- 


(11.1a) 


(11.1b) 


p = MH1RQRR181l3Rl3|Rl3fnRtjnfll3= yH 
y = Bl3BHigraMMH1l:ilJtlltiRlBlRl3inl3 1 

Tensile ring stress IBlTHtiTRUBBt3nBll3ITRlHltiIUMMini:!lJtlItiRialRl3inl3Riratil 

° Li Li i Li r~\ c* ru 

f R =y{H-y)^ = y{H-yY- (11.2a) 

Ititu H tjIRHfjrafjfiTIJRIRn! ttrim y tilQHimnimtnR 1 Ring force ttlCU|R!R1R 

F = y(H-y)r (11.2b) 

ytsRtifJBRIJ 11.1b, Tensile ring stress HnUIH11BltRtitnRraMtimil3IlJwmWllftmiMlM|]mU 


y = 0 Rlffifrl 

J ru 

/ \ yHd for 

f„( max) = — = — 


(11.2c) 
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USRgfUatalttUtjimtitumtlJtJJltlltMJ Gaseous Load on Freely Sliding Base 

i 

HtilBtnnimromiimiHmBBHtOtJlB. tensile ring stress itiJR 

Cl lJ v C3 


t _ pd _ pr 

h= li = T 


(11.3) 


Qtimtri inTRilTUgtnHanSnSTlHTgMIlJtllRnn centerline UJWHIBWRnJBMTRfi IRUJimtmititU 

Lru U n W- U d 8 1 Li 

ibIu t/d HisstriPiijinfi tiBiBMRHiBinjHtifitlfiS'itiRti d tnai 

U v V U n w- <=* 


usRHfctnRnf 8iJU8RaMai8linjtnRtimii3tt5tugu 

ci i <* t* 

Liquid and Gaseous Load on Restrained Wall Base 

TtIMSratnfiJiJrjtjn'nl3Tfi!tnStJl3tj tl pinned, IBMRUJUIBlUJ ring tension talTfiiJtnR 1 

U M- Lry n ~Oi A 1 ^ Li 

UlirawiIRlIuauialTRiatnR tBISffiHBHIBHBJfi simple membrane theory JUM shell UJniTHimtlJ 

n U i n 1 J n 

nRUlBTSarmtlJii^ltUriJU restraining force tsl THi3tnHl3nflt3 “I IRBItnBIBRUUiniaHHtinRigItil 
membrane stress 1UimWlJlRIB£Tl (deviation) JAW ring tension iSlTfiihjflRnflinjrafdRHfjtfmifl 

'o y <-> U cu ci n ty 

TRftnBRRtilRIHniUTlRnilUltll BtiTHfljlBlltunUIBlRaitiR 11.3 1 

Litj (u L Li L»u ct ct 

TUMBIUHHtinRUmTnBiRautiliJRIUMtitTnaiBiTRtiRHMnniHmR M , RtiTRltiTJIttlti 

Li v tuu cttu ty Li n li y 1 Li n 

(flexural stress) ITJfitiJtiR'lJMtifi mtiR'ligitTlRimtjl 

l n -xa m 

M v 6M 

ft=f r = — - = — ^ Rl3HmaRRlRHM (11.4) 

d i j c ^ . 2 w *■* n v/ 





Figure 1 1.2 Ring tension and flexural stresses, (a) Ring tension internal force F 
in the hcnzontal section, (b) Flexural stress due to bending moment M in the wall 
thickness of the vertical section. 
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99.13.13. HHi39UM 0 3t3fitni3fnfi Radial Q () 

tfifinMtntiwiitrifinf 

n i 

Restraining Moment M 0 and Radial Shear Force Q a at Freely Sliding 
Wall Base Due to Liquid Pressure 
99.13.13.9. Membrane Theory 

mifinnoRHia BaRarmaiainatirmiainantiHtiitnBtmHirastiimfJfnnRTHitiinairna 

Oru 1 Li ct 1 & ^t. ot Li Li 

M9na!iJtiii5rnitiitiimin:iH9riMt3 1 rtirnsra shell HBStjTgtirmmiTrnHfiBntiiiuMMtnntmi- 

1 vJ o 3 vJ<^iLi v Li Li Li e* n 

mnnfsitina inHiBHainMHfniWBti basic membrane tns 1 RtnatnHmninmi]Rtniv„ , ntriti 

1 <=* in su n n y su 

Q Rmlbb (circumferential unit force) N 0 BhRmamnilRtTltniaSHiVyg BftN 0y {jnftnSTJiTini 
tslfiti differential element ISJiJS 99.01 (b) 1 B [Until HtmHmtinBIBJIBHIClIBlnauiaiUM shell 1 

c* v v ' mw«=»c*tu 





Figure 11.3 Membrane forces in cylindrical tank, (a) Tank shell geometry, 
(b) Shell membrane forces, (c) Liquid-filled tank elevation, (d) Axisymmetrical in- 
ternal pressure at any horizontal plane. 
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V czj U cu r> m i) 


8N e 8N y0 

86 dy ° 

(11.5a) 

8N y 8N 0y 

Y dy ' r 86 +p y r ~° 

(11.5b) 

^♦*-0 

r 

(11.5c) 

ttiClJ 8N y0 = 8N 0y Rtmillfl5HRnRlJ£3lRMm|S 1 

timSSRSSHmiRTRftnSRlRRSffiHRtSlTRHR 

y u m Liu U 


i wnrroRiitfmuBfi axisym- 

i_n ~o u U tn n cu &> U & J 

1 i 

metric tits UtiTCTI'ESl HtiJUS 99.CT1 (d), p 0 = p y = 0 tUlffi p, = p-f{y) 1 fnitiimJBfifmJIB* 
HSmjjUtUSti <918*1 titttS§ 

p z =-r(H-r ) (H-6) 

11.5 r 

N y0 =N y =O 

Itlim N e =y{H-y)r (11.7) 


99.l3.]£).l3. tpMUgnrimttia (Bending Theory) 


RintlilSinRIlSU (restraint) \ Si [Rti p ti S JUM Hlti SI qj HI S radial horizontal shear Sti 
HHl3UmTnsiRt3 shell 1 titttSS MBRlJRBlti membrane ifltmiUUTliaiRaitiRItBRHBTRftnaiR 

V CuJ ct y cu in -o c* c* ] L»u 

tptiimRlltiimJtSHHHti StiRHltiRlR I WHfmftinJIRfptnffinJlHtjl bending theory Jtlfij 
circular shell lt3nJ|SMtSiRRS1i3R|HfR1JRin|RlRltStJt|HtJ|HtUnl3mjtJ (strain compatibility) 
!SlRt3RthQTSl3TmffilStlJUmStmEJltlJRinRRH1SRirit3R1R StiHHtiSimtlJ 1 

Ot 7J U U nvj cu V 


HHtiHR Sti central shear talRtiRTHinjntiIR1tiM9fiti!tinJJtiTJBfi axisymmetric TSlftilB 

y ct Li i vJ d* L»u 

utiiHittiimltsSJRHiti stilasmHmslRmus 99.6*1 uirhssrij AfiCDutiimnQSGHSfRS 

in i cu iv c* y i n y in-oiin 

Si3Sfdlu1JUfjHHt3dRRlM v IRjUStiHRjx StiM 0 mjUHnj y . circumferential unit moment 


M vf) BtiM flv , RH1i3R1filRr3tlRfn j2 v !tJWH1BHiniBlRautilBnnaiR1tiUtTlTI BtilRtiiglBti 
shell axis HJlttf unit radial shear Q e ttiniHlSHinRlRRlHRl shell tSlppttiWptJSti shell 1 

i 

mRTHCUtatUtSHHij BtiRtritiRlfllSlRtilUg 99. 6 tSltCURHHldtSl Rt3JUS 99.01 (b) TH§H 

o by y cu ct ^ cuc*v n 

tnSfi3HRlJtUSi381l31|RlH: 


HWMfintmw stidtrmmmmtfrrmtiffritf 

n v v / U / U 
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dN e 

dO 

dN y 

dy 

dQe 

dd 

dM y 

dy 


dN 


yo 


dy 


-Qg + Pe r = 0 


dN e y 

r + - + p v r = 0 

de y 

dQ v 

1 ' -r + N g + p z r - 0 


dy 

dM 


ye 


dy 


Qy r = 0 


dMg 

~dd~ 


dMye_ 

dy 


r~Qer = 0 


(11.8a) 
(11.8b) 
(11.8c) 
(11. 8d) 
(11. 8e) 


A shell 




Figure 1 1 .4 Bending moments and normal shears in a cylindrical shell wall. 


N yd =N 0y =M dy =M y0 =o tuimiRjnBHBRR 

dQ 0 itJwmnuBmMHmilitiitiiMjtmfliraign 11.8 HnitirdsisrdHmr%ti’il3lrdjciJGHfn 

(ordinary differential equation) 
dN 

— —r + pr = 0 (11.9a) 

dy 

dQ v 

~^r + N 0 + p v r = 0 (11.9b) 

dy 

dM 

-—T-r + Q y r = 0 (11.9c) 

dy 

tilHffiSH central membrane forces N v Its! ItlitmRmRfllMBaMBT IBlMRinBMnMJMHR'lJ 
iflnnBlMtii n.9b sti n.9c Rag|HtiMtHniflB8itii|fnH!iJWHiBHmR5 n 0 , Q y si3M v : 
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dQy 

dy 

dM y 

dy 


1 M 

-N e =-p z 

r 

Qy = 0 


iRfnfRnrrannMg BtiMHmrciimtntn i 


(11.10a) 

(11.10b) 


MHmiritnti 

RJ 

tjiMiuv sawtiiijnjiMgtalRt39My Btiz im*ui|HntHniniaaniTiia1nagMmtJiB*n 


wim 


dv 

dy 


e e ~ 


w 

r 


luimmagtutiiB 

w 

N y =T^{ £ y + V £ e) = 

1-M 

S13 N e =-^[s e + ns y ) = 

1 ~M 

to ju = tinnujuniMa 
t = RTHifjrarjtjrnin 

U ty 


Et 

\-S 

Et 

\-p : 


dv xv 

dy r 


= 0 


w 

r 


M 


dv 

dy. 


nWHfTU 11.11a 


dv xv 

dy r 


nfdHfTlJ 11.11b 


(11.11a) 

(11.11b) 


(11.12a) 


Nq = —Et— (11.12b) 

r 

fdHmramj 

itiimrmimnMiHtg mnrnrnsimisrjftuiHSHisimratms titnas ninmiaislritigwy raf 

] Li ofc a Li Liu y ot - Liu 

1MS13 -d 2 v/dy 2 1 (thin elastic plate) 

'/fc - Li U 7J 04 Lj Li vJ iS n ' 

rnsstu 

w 


tns 


M q = /M 
M y =~D 


y 


d 2 xv 

dy 2 


(11.13a) 

(11.13b) 
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tt^cu d = Et 3 712(1 -ju 2 ) ^mnlaunnjBuminnni^araMRijntinmia (shell) un|jntii (plate) 


umtiiMHmi 11.12 sti 11.13 islRi 3 MHfnj 11.10 msstutns 


d- 


dx l 


D 


,2 \ 

d w 


dy- 


Et 

+ ^w= Pz 


TUMBlURTHlMtitTniar ttjl ISIofJHfTlJ 11.14 fTlHltil 

U U w - eu 


D 


d 4w Et 


Y + ^w = p z 
dy r 


(11.14) 


(11.15) 


itfimmfi 


fi 


Et 

4r 2 D 


3(1 — // 2 ) 

(rtf 


fjHfnj 11.15 mratii 


d 4 w 


dy 


, 4 fi 4 w =Pz. 
4 ^ D 


(11.16) 


MHffll 11.16 TMllJtiaBtiMHmiliJniggniMTmUHaHnHilJtllinBfTICllaTfTlITl D itiCUTSttilffiflis 

Li lj wLinc* Li -o Li Li 

iHsriMBtiiu BaninDHsamriiBinaHtiMiHUBniiRSTi p 7 1 flinmsTtmmgtgliawHfTmB* 

fd'jJtntJ radial displacement RUSfd z n 

w = eJ iy (C| cos j3y + C 2 sin fiy) + e~^ y (C?, cos Jdy + C4sin/?y) + f(y) (11.17) 
Ititu /(y)tilflinin*|tmm9IBllBMHmi 11.16 til membrane solution lEJth^jSJUtmrdS 


w = ■ 


P-J 

Et 


99.1a.m. MHfmgisItafiHiti stiucuifjg 

V w 

General Equations of Forces and Displacements 

itfimitfisrimmNHmi 11.17 BtiumroBJaHnwrms'HaiTfTiH 

U u. v n tn U 


®(/fy ) = e~P y (cos f:fy + sin fly) 

'F (fly) = e ~^ y (cos fly - sin fly) 

0(fly) = e~^ y cos fly 
flfiy) = e~P y sin fly 

IRHIBnnJlHMHfTlIMIjnU radial deformation fTIHSfJ z Bl3milJimtimnBIUMfl|HtiRHMy 
ritnntirmanMHfTiiMTHwmtjnmH^HBnHatBHHtiaRmTntitnHtitTniaM- sti radial shear 

cy Lit) Li 1 v n Li UJ- U 


Qo 
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fnntfm w = — ^[/3M 0 v(py)+Q ( AM 


2p 3 D 


mm ^ = -L-[2fiM o 0(fiy)+Q o ®(fiy)\ 
dy 2 fi-D 


d 2 w 
dy 2 

d 3 w 1 


^[2/3M 0 ®(/3y) + 2Q 0 C{/3y)] 


dy 3 D 


=Uim 0 z{fr)-Qo'¥{p y )] 


(11.18a) 
(11.18b) 
(11.18c) 
(11.1 8d) 


HSfiHS shell O {fiy), v{(3y ) , d{fiy) ai3^(/0y) (standard 

influence coefficient) tSfnnH 99.9 MfHimtiBfitH 0 < fiy < 3.9 1 

nMHfnj 11.18a unnrjs radial hBujhi umn^uiaiTRtitnntitTniaiiJtiiBun 

-\Jl U M- 

H=° = ~^h -{JM o+Qo) (11.19a) 

wimriMHfni 11.18b HJ§CU (rotation) 


^ dw^ 


= — 4-(2 PM 0 + Q 0 ) 


dy J y=0 2/3- D 


( 11 . 19 b) 


lutUM„ St3Q 0 til restraining moment Si3 ring shear ig1|RtitnHtit3UaimialRaiU9 99.9 1 

i 

MTHiumiiitltuHisRTHifjtimimtij RHiatiRmmHRHMtinnaHiBtitiBiaiTrnH: 

U U cy tunriowU 

N e =- — (11.20a) 


e --°0 

Mg = fuM y 

M,, = -D 


J 2 w 


dy L 


(11.20b) 

(11.20c) 

(11.20d) 


nfdHfTIJ 11.18c, 1 1.18d, 11.20b Still. 20d MHmiMpnUHHtinmjI Sti radial shear RlHBMltiR 

lairRtitnRinMtirma ftitu v = omratii 

U ^ w 


K),,„= m .= 


yHrt 


1 x / 1±,L 


fev = Go =-( 2 /W-l) 


?rf 


M-^ 2 ) 

IRHltiBBtlltnBMHrTUMTinUHHSumTnBlTRtiRHM y RttUtilfitimitici 

u U v tuj U n ^ w- 

=-I[^M o (DC0y)+e o 4'(^)] 

P 


(11.21a) 

(11.21b) 

(11.22) 
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UlfHUfHWfiHita ring shear force AQ y few^fejEmfjs radial w y raMtirmtJ|ntiRHM yM 

tnmsIinnjjntiBiB tiiHmaamHiuM o„ BaM.iiJnranjnninmiihnutTitiiwiiinHnf BaqMB 
inm titmttirrnslmaras i ininBMnMiMHmiRHiaiBstii 

v in c=t v cu 

1 


Table 11.1 Table of Functions 4 >, t | i , 0 , and 5 


py 

<!> 

* 

e 

£ 

0 

1.0000 

1.0000 

1.0000 

0 

0.1 

0.9907 

0.8100 

0.9003 

0.0903 

0.2 

0.9651 

0.6398 

0.8024 

0.1627 

0.3 

0.9267 

0.4888 

0.7077 

0.2189 

0.4 

0.8784 

0.3564 

0.6174 

0.2610 

0.5 

0.8231 

0.2415 

0.5323 

0.2908 

0.6 

0.7628 

0.1431 

0.4530 

0.3099 

0.7 

0.6997 

0.0599 

0.3798 

0.3199 

0.8 

0.6354 

- 0.0093 

0.3131 

0.3223 

0.9 

0.5712 

- 0.0657 

0.2527 

0.3185 

1.0 

0.5083 

- 0.1108 

0.1988 

0.3096 

1.1 

0.4476 

- 0.1457 

0.1510 

0.2967 

1.2 

0.3899 

- 0.1716 

0.1091 

0.2807 

1.3 

0.3355 

- 0.1897 

0.0729 

0.2626 

1.4 

0.2849 

- 0.2011 

0.0419 

0.2430 

1.5 

0.2384 

- 0.2068 

0.0158 

0.2226 

1.6 

0.1959 

- 0.2077 

- 0.0059 

0.2018 

1.7 

0.1576 

- 0.2047 

- 0.0235 

0.1812 

1.8 

0.1234 

- 0.1985 

- 0.0376 

0.1610 

1.9 

0.0932 

- 0.1899 

- 0.0484 

0.1415 

2.0 

0.0667 

- 0.1794 

- 0.0563 

0.1230 

2.1 

0.0439 

- 0.1675 

- 0.0618 

0.1057 

2.2 

0.0244 

- 0.1548 

- 0.0652 

0.0895 

2.3 

0.0080 

- 0.1416 

- 0.0668 

0.0748 

2.4 

- 0.0056 

- 0.1282 

- 0.0669 

0.0613 

2.5 

- 0.0166 

- 0.1149 

- 0.0658 

0.0492 

2.6 

- 0.0254 

- 0.1019 

- 0.0636 

0.0383 

2.7 

- 0.0320 

- 0.0895 

- 0.0608 

0.0287 

2.8 

- 0.0369 

- 0.0777 

- 0.0573 

0.0204 

2.9 

- 0.0403 

- 0.0666 

- 0.0534 

0.0132 

3.0 

- 0.0423 

- 0.0563 

- 0.0493 

0.0071 

3.1 

- 0.0431 

- 0.0469 

- 0.0450 

0.0019 

3.2 

- 0.0431 

- 0.0383 

- 0.0407 

- 0.0024 

3.3 

- 0.0422 

- 0.0306 

- 0.0364 

- 0.0058 

3.4 

- 0.0408 

- 0.0237 

- 0.0323 

- 0.0085 

3.5 

- 0.0389 

- 0.0177 

- 0.0283 

- 0.0106 

3.6 

- 0.0366 

- 0.0124 

- 0.0245 

- 0.0121 

3.7 

- 0.0341 

- 0.0079 

- 0.0210 

- 0.0131 

3.8 

- 0.0314 

- 0.0040 

- 0.0177 

- 0.0137 

3.9 

- 0.0286 

- 0.0008 

- 0.0147 

- 0.0140 
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AQ y =+y W 

U a Qy =-^-\0M o '¥(0y)+Q o 0(fiy)\ 

2 rp D 

u a Q y = c \~^ [pMMPy)+QAAy)\ (H-23) 

P s rt 

Ring shear 2 V 1S%M y ring force 


tilHGiaa A Q y : 

Qy=F-AQy 


(11.24) 





I 


I 


<L 

i 


i 



<d) 


(e) 


Figure 11.5 Wall base restraint in empty tank inducing M 0 and Q 0 for full liquid 
or gas pressure, (a) Deformed walls of empty tank, (b) Moment along vertical sec- 
tion ( + represents tension on outside), (c) Ring tension force Fin horizontal sec- 
tion (always positive), (d) Offset AQ V for liquid pressure, (e) Offset AQ y for gas 
pressure. 
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intiitnBiminfnHmmimHMrmiiJwiranafiinjnsnJimmtiiB* I'JnifltiiiJimTMtiinninaiiJtiiSB 

mUct u U u v v 

rsarmtumrjtinfia t^mnurjnTiuRrjTHiutiJRgtirimmTrnH: 

UU w- U m y U as U 

1. HHRtt3njrn§jHisRt3|?namni^^mnM8im|fTlij^Rtst^8im|Rl i 

2. RBllI Ring tension radial 1 

3. RH113 thrust UJWHIBgWltflBWRtilBllRHRtUmTn ISlStSS IfiITTJ9WUJltiBRlMTtnU 

6U 7J Ct \J CUJ U V Ct U 

RH113 ring tension tu^RJijJ1(]TIHh3]]B1UR^i31|URi3^R1i3tlJSi3 (balancing 


prestressing forces) SSltW$i3gGR1Sl3RH1l3 ring tension M jWJRl R fUjTJIBjH 1 


4. 


Btlimtit7ni381i3BtlIRaig1lRHRIUmT1 1 

w- v ct \J euJ 


5. HJ§nmTrmMgWT9BBB'19TRl 1 

1 o l_i is. Li vJ 


MmBfmiB1RnfB1BHtntlStimitJtl3nJBiatnRtjl9lH Pinned (Pinned Wall Base, Liquid 
Pressure) 


ISltntUfilRtinflRHlSSTH pinned mimiaBJHtrtstJBRW'iiaifinf = 0 ISlTRRfilR 

t > U A V V 1 O' u 

I2<1 - /J 2 ) 


u 


e 0 = 


yH 


(rC 

12 ( 1 -/' 2 ) 

1/4 

UJ 


(11.25) 


IRHIBHimBlIRfitHIUM shell constant J3, (3 1 , Sl3/? 4 M|]mUI|SlBlfil3MHRlIIWRHBtnBml3lJim 


nMHRiiMtjnu /? 4 tiBSitittfriH: 



Et 

4r 2 D 




P 2 



P = 



(11.26a) 

(11.26b) 

(11.26c) 

(11.26d) 


99.19.6. Ring Shear Q a and Moment /? 4 Gas Containment 

njMBItfffiHJTJW shell HISWRMRfdltSlTRtitnRtimiti wtnBBitiRtiuiSfiiRRtiTfliti 

U 8 Li (aV n ct n 1 Li 
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hoop f R = pr it xuimrniuMMspaaamai^aiiftmBin 


w= ljL = Ei 


w = 


(11.27) 


E Et 

utsETI MTHlti full restraint IBlmtjtnfltjETnll 

1) ct U U w- 


E 


2ft D 


(11.28a) 



ydy ) y=0 2 p-D 

tSi§{fintmnM 0 si3£> 0 iffitisstutns 


(11.28b) 



(11.29a) 


(11.29b) 


Pinned (Pinned Wall Base, Gas Pressure) 
|UMBratnntirmatil9|H pinned ItfimitiHHtiuafiqMB M a =OIBltntitnti 


snna 99.1a uiJinimiMiiauiBMHmraiinBiMTHiuinaMnwiiffiHni luirnmna 99. m uanmn 

in-o8 U 6n i in-o 

snniaMiautMiiJtamMTHiuinatintmiinHqMB i 

a Li U ct Li «i, i ^t. 


Moment M 0 and Ring Force Q 0 in Liquid Retaining Tank 
gmurnin 99.9: HiantiHnnunai|URi3|mi3tRftnBguintintiini (full restrained) iBl|Htitnn 
timiin fltnBHtin!ifi&Hana d = 125/i(38.1m) BtitinBmtJtlJtnBfiHW H = 25ft(l.62m) 1 
t = l0in{25cm) 1 mdlBl (a) Hthaumjlimm M () S13RB113 radial ring force Q 0 
!BltRtitnHraMtitTni3Bi3(b) HHtiumjianm 7.5/t(2.29m)ninJtnsn ijrninj 

injuniMti M = 0.2 luimaaBingraMBn y = 62.4ib/ ft 3 {i,oookg/m 3 ) 1 


ti 



(11.30) 


®9.m. HHt3 M„Si3 fitSIti Ring Shear Q n IBlntiintiMnMlItnBnJ 

tl 0 ni 0 <=* o 1 


mimmntitffn SaSucmmamitatrunarmti 
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Table 1 1 .2 Equations for Liquid-Retaining T anks 


Parameter 

Equation 

Number 

Flexural rigidity. D 

£^[12(1 - ^ 2 )] 


Ring stress. f R 

y(H - Y)r/t 

112 a 

Ring force. F 

*l(H-y)r 

11.2 b 

Pressure. P. 

t (H-y) 

11.2 b 

Radial deflection, w 

2p2D [3M 0 'KP>') + Go»(P>') 

11.18 a 

_ . dw 

Rotation — - 

dy 

2p 1 3 Z) [2 PA/ o9 (Py ) + ^ ( P. ) ] 

11.18 b 

Maximum deflection, (wO^o 

2 p3 Q (P*. + Go) 

11.19 a 

• fdw\ 
Maximum rotation [ — 1 

\dyj, m o 

2&D {2m + Go)" 0 

11.19b 

W 0 = (A/vU 

/ 1 \ yHrt 

\ 3 h) Vi 2(1 - il 2 ) 

11.21 a 

Go = (Gv)>«o 

+ (23 //-l)- 7= ^L= 
Vl2(l - m-) 2 

+ ^[3Af 0 «t>(3y) + Goi(Py)) 

11.21 b 

M y 

11.22 

Empty tank offset, AQ, 

6(1 - M-) 2 

4 v ~ (3^(Py)->-(Go(Py)] 

P rt 

11.23 

G, 

+ (^-A Q v ) 

11.24 

Q 0 when A/ 0 = 0 (Pinned base) 

yHVrt/2 

+ [12(1 - n 2 )] 1 ' 4 

11.25 

Tank Constants: 3 3 

[3(1 - n 2 )] V4 /(rr) M 

11.26 b 

P 2 

[3(1 - |x 2 J 1/2 /rr 

11.26 c 

P 

[3(1-^)] , 'W' 2 

11.26 d 


Table 1 1 .3 Equations for Gas-Retaining Tanks 


Parameter 


Equation 


Maximum deflection (w) v _ 0 


Maximum rotation ( ) 

\dyJ,.o 

M 0 = (M } ) ys0 
Qo = (Gi)rcO 

Q 0 when M 0 = 0 (Pinned base) 


1 


23 3 D 

1 


23 2 d 


7^ (3 iW o + Gn) 
(23^ 0 + Go) = 0 


prt 


Vl2(l - n 2 ) 

p\/2rt 

[ 12(1 - v *)] 1 ' 4 

p\fnjl 
(i2(i - 


Note: Values of p. P ; . and 3 J constants as in Table i 1.2. 


Number 

11.28 a 

11.28 b 

11.29 a 

11.29 b 

11.30 
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titnmtjtmtn: 

(a) tBljpdwet^smts 


r = |xl25 = 62.5/i(l9m) 
t = 10 in. = 0.83/f(0.25m) 


nfJHfnJ 1 1.26d 


P = 


LL oil 

1/4 

3(1-// ) 



11/4 


(rt) 


, 1/2 


nfJBfnJ 11.21a 


M 0 =- 


V 1 ' 


(62.5x0. 83) 1/2 
yHrt 


= 0.181 




l— 


1 ^ 62.4x25x62.5x0.83 

x- 


0.181x25 


712(1-0.04) 


= -1 8,574/1. -lb! ft(l.68kN.m / m) 


nfdBfTIJ 11.21b 


G 0 =+(2/?//-l) 


yrt 


v'i 2(1 - f 1 1 ) 

= + (2x0.181x25-l) 62 f x f 25x0 ; 83 

712(1-0.04) 

= +1, 6111b I ftif\2kN I m) 

(b) f SI [nit ffffnf 1.5 ft nwntjnpti 

y = 1.5 ft 

RHW 8 fi= (H - y)=25-1.5 = 17 . 5 //( 5 . 33 m) 
titmntuRHM = 

U n 


Vi) 

V h ) 

J3y = 0.181x7.5 = 1.36 


= l-™=0.7 
25 


ClfiJHfTlJ 11.22 


My=+UpMoMPy)+QoC(M 

p 


nfnnti 11.1 M|jnn p y =1.36 
0 = 0.311 


ffiti&mnmcu sb^uniimmmbirmbrmb 

n v V 1 U 1 U 
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(f = 0.252 

M=+ — — (- 0. 1 8 1 x 1 8,574 x 0.3 1 1 + 1,611 x 0.252) 
y 0.181 v ' 

= +4,912 ft-lb/ftt 


99.6. RBItJ Ring Shear Q y 

Ring Force Q y at Intermediate Heights of Wall 
qmuimfi 00. min SI radial ring force Q y tBlRtigfflumi/i 99.9 fftia (a) y = 7. 5/(2. 29m) 

ala (b) y = 10/1(3. 05m) nmmnjtnRrafjtiqrui MunutimiaiHtiiiiJiraiMJ *1 

Aamtgmm: 

RHlti ring force lalffiiatnRltiroiHtmMJ F = yHr = 62.4 x 25 x 62.5 = 97,500/Z? / ft 
(1,423 JUV/m) *1 nfdHfni 11.23, ring force R 

Ag, =+%^l>M 0 T(^y)+e 0 ^)] 

pri 

nfiJHRU 11.1. /? = 0.181 ^ St3tS8 /? 3 =0.0059 
(a) gyislfm) 7.5/1 riiwtnRtimia 

Py = 0.181x7.5 = 1.36 
nmnti 11.1 rdynu /?y = 1.36 

y (/>’) = -0.1965 
0(j3y) = +0.0543 

Ag =+ 6 ( 1 - 0 ' 04 ) = [0. 1 8 l(-l 8, 574Y- 0.1965) +7, 677 (+0.0543)1 

0.0059 x62.5(0.83) 2 

= 24,431 lb / ft(356kN / m) 

nfJHfnJ 11.2b, ring force F = y{H - y)r = 62.4 x (25 x7.5)x 62.5 = 68,250 lb I ft 1 yQISi 
g 7 5 = F - AQ y =68,250 -24,431 = 43,8 19/6/ ft(l05kN /m) Slnt3 JUS 99.S(a) 1 

(a) talfHljfiHM 1.5ft ntflfi (b) 10 ft HtTIR 1 

(b) g y ta1|RtiRHM 10 ft ntnRmrjtimia 

Py = 0.181x10 = 1.81 
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nmnti 99.9 Mjjnu ^=1.81, 
W{py)= -0.1984 


9{fiy)=- 0.0387 

A Q = 6 ^ 1 ~ 0,04 - > -[0. 18 1(- 18,574¥- 0. 1984)+ 7, 677(- 0.0387 )] 

0.0059 x62.5(0.83) 2 

= 8,387 lb /ft 

R Bill ring force F = y(H - y)r = 62.4(25 -10) = 62.5 = 58, 5001b I ft 1 tftsiSS Q w = F-l±Q y 

= 58,500 -8,387 = 50,1 13lb / ft(l3lkN / m) tiBUtt(mBlfitiJTJ9 99.e)(b) 1 

HIH Q y =50,1 151b/ ft lEJtUSStUtnStEJltmtp membrane coefficient tSlfUigmUlJtlfi 99.011 




Figure 11.6 Radial ring force profile, (a) At 7$ ft above the base, (b) At 10 ft 
above the base in Ex. 11.1. 


99.fi. Cylindrical Shell Membrane Coefficients 

t in HI ti ffi fill ?i H H 43 £1 ST l Si T ?i 43 fi H QJT1 fi t ul tU H tfl ^ T U M HI 43 31 43 ft! S T1 43 £1 H ffl J H H 43 £1 f\ £i5 T HI U 

v U n i vJ v U 

GHmiMtU (cantilever beam) 1 1HBgtUtnBMHmnBSUJimHUilHHia cantilever UJumHtUUluJtU 
StJirarj!l^HSRHSlSlSi3SlJ1tiJnOHl|?irafjHll3 Iuim|nftnB9jttlS1*tsl membrane coeffi-cients 1 

imntsntuBMHfmHHtiHtiitJiBitJtiitnBuiSmBlnaitin 11.2 MtmuinaMnnaHtmma'Jfn 

U v v gj n c* ct u nwvJ~o 


mimmnimfu aaSucmmametatrunartria 

n v v i U / U 
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uJwnnmialijnaBinjiuitfl stirafntuif// 3 y pH 2 t^tu^cimia^jfisntu 
cantilever fiJTHirnnJtJlfiU3firmitnRnf StifiTI JtTI?igft3S 1 

l_l <in 1 1 * s^> 

siHitii 5ig1ni3MHmiii.26d tiiHanHaiSft u* tod tjmtinilflina niJimim 

ni ' c* i -m n is- U 

titumjunirdti n = 0.2 MynuiuRti imatnB 


'L i\] 

1/4 

3(l - n ) 



" (rt) 1/2 (rt) 1/2 ( dtf 2 

iRHiBwiiMnuRiui 1 / bh iflnnTtriaintJMHmiHHtiriHaiiJitiHtiiiJiBiaitiR 11.2 itfimiruR 

1 ' Uct V n V c^j U U 

(dt/H 2 ) 112 ItfltHNU j3 = lM/(dtf 12 1 IRRHItSMIIMItitUnnil >0y i^iftmtfimiyjR 
x{h 2 /dtj /2 \tt\mi§ y = m toy tflRUMnUlR 1 

tiGIS§ IRH1BUin[TlHHtjM v IBMHR'II 11.22 lalRtiHSRIRtjmititouiBBtnm y RtilR 

v in v u / C i 1 w- ^ 

UJltmtUIHRimna (form factor)// 2 /* tjlHBJBtilHHim cantilever yH 2 UpH 2 tiBStfttynu: 


U 


M y = numerical variant x form factor x cantilever facotor 


M, 


variant x 





(11.31) 


tHPTEUinti (form factor) H 2 / dt ^mHItsIMTHimn^aufltilRtlllR 1 uQISS tifUPTClfl tS variant 

i v 7 suLiUUin v l 
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Table 11 .4 Moment Influence Coefficients, Triangular Load 


Moments in Cylindrical Wall 

Triangular Load 

Fixed Base, Free Top 

Mom. = coef . X yH 2 ft. lb. per ft. 

Positive sign indicates tension in the outside 



Coefficients at Point 


dt 

0.1 H 

0.2 H 

0.3 H 

0.4 H 

0.5 H 

0.6H 

0.7 H 

0.8H 

0.9 H 

1.0H 

0.4 

+.0005 

+.0014 

+.0021 

+.0007 

-.0042 

-.0150 

-.0302 

-.0529 

-.0816 

-.1205 

0.8 

+.0011 

+.0037 

+.0063 

+.0080 

+.0070 

+.0023 

-.0068 

-.0224 

-.0465 

-.0795 

1.2 

+.0012 

+.0042 

+.0077 

+.0103 

+.0112 

+.0090 

+.0022 

-.0108 

-.0311 

-.0602 

1.6 

+.0011 

+.0041 

+.0075 

+.0107 

+.0121 

+.0111 

+.0058 

-.0051 

-.0232 

-.0505 

2.0 

+.0010 

+.0035 

+.0068 

+.0099 

+.0120 

+.0115 

+.0075 

-.0021 

-.0185 

-.0436 

3.0 

+.0006 

+.0024 

+.0047 

+.0071 

+.0090 

+.0097 

+.0077 

+.0012 

-.0119 

-.0333 

4.0 

+.0003 

+.0015 

+.0028 

+.0047 

+.0066 

+.0077 

+.0069 

+.0023 

-.0080 

-.0268 

5.0 

+.0002 

+.0008 

+.0016 

+.0029 

+.0046 

+.0059 

+.0059 

+.0028 

-.0058 

-.0222 

6.0 

+.0001 

+.0003 

+.0008 

+.0019 

+.0032 

+.0046 

+.0051 

+.0029 

-.0041 

-.0187 

8.0 

.0000 

+.0001 

+.0002 

+.0008 

+.0016 

+.0028 

+.0038 

+.0029 

-.0022 

-.0146 

10.0 

.0000 

.0000 

+.0001 

+.0004 

+.0007 

+.0019 

+.0029 

+.0028 

-.0012 

-.0122 

12.0 

.0000 

-.0001 

+.0001 

+.0002 

+.0003 

+.0013 

+.0023 

+.0026 

-.0005 

-.0104 

14.0 

.0000 

.0000 

.0000 

.0000 

+.0001 

+.0008 

+.0019 

+.0023 

-.0001 

-.0090 

16.0 

.0000 

.0000 

-.0001 

-.0002 

-.0001 

+.0004 

+.0013 

+.0019 

+.0001 

-.0079 


Notes: 1-Tabies 11.4 to 11.16 Adapted from Ref. 11.5. 

2-O.OH is the top and 1.0H is the bottom of the wall, except if wall is fixed at top and with shear and moment at top. 
3*Shear acting inwards is positive: moment applied at an edge is positive when outward rotation results at that edge. 


Table 1 1 .5 Moment Influence Coefficients, Rectangular Load 


Moments in Cylindrical Wall 

Rectangular Load 

Fixed Base, Free Top 

Mom. = coef. x pH 2 ft. lb. per ft. 

Positive sign indicates tension in the outside 



Coefficients at Point 


dt 

0.1 H 

0.2 H 

0.3 H 

0.4 H 

0.5H 

0.6 H 

0.7 H 

0.8 H 

0.9 H 

1.0 H 

0.4 

-.0023 

-.0093 

-.0227 

-.0439 

-.0710 

-.1018 

-.1455 

-.2000 

-.2593 

-.3310 

0.8 

.0000 

-.0006 

-.0025 

-.0083 

-.0185 

-.0362 

-.0594 

-.0917 

-.1325 

-.1835 

1.2 

+.0008 

+.0026 

+.0037 

+.0029 

-.0009 

-.0089 

-.0227 

-.0468 

-.0815 

-.1178 

1.6 

+.0011 

+.0036 

+.0062 

+.0077 

+.0068 

+.0011 

-.0093 

-.0670 

-.0529 

-.0876 

2.0 

+.0010 

+.0036 

+.0066 

+.0088 

+.0089 

+.0059 

-.0019 

-.0167 

-.0389 

-.0719 

3.0 

+.0007 

+.0026 

+.0051 

+.0074 

+.0091 

+.0083 

+.0042 

-.0053 

+.0223 

-.0483 

4.0 

+.0004 

+.0015 

+.0033 

+.0052 

+.0068 

+.0075 

+.0053 

-.0013 

-.0145 

-.0365 

5.0 

+.0002 

+.0008 

+.0019 

+.0035 

+.0051 

+.0061 

+.0052 

+.0007 

-.0101 

-.0293 

6.0 

+.0001 

+.0004 

+.0011 

+.0022 

+.0036 

+.0049 

+.0048 

+.0017 

-.0073 

-.0242 

8.0 

+.0000 

+.0001 

+.0003 

+.0008 

+.0018 

+.0031 

+.0038 

+.0024 

-.0040 

-.0184 

10.0 

.0000 

-.0001 

.0000 

+.0002 

+.0009 

+.0021 

+.0030 

+.0026 

-.0022 

-.0147 

12.0 

.0000 

.0000 

-.0001 

.0000 

+.0004 

+.0014 

+.0024 

+.0022 

-.0012 

-.0123 

14.0 

.0000 

.0000 

.0000 

.0000 

+.0002 

+.0010 

+.0018 

+.0021 

-.0007 

-.0105 

16.0 

.0000 

.0000 

.0000 

-.0001 

+.0001 

+.0006 

+.0012 

+.0020 

-.0005 

-.0091 


fnmnntiBcu stiducutmtitmtittmtirmti 

n v V i U i U 
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Table 11.6 Moment Influence Coefficients, Trapezoidal Load 


Moments in Cylindrical Wall 

Trapezoidal Load 

Hinged Base, Free Top 

Mom. = coef. x (7H 2 + pH 2 ) ft. lb. per ft. 

Positive sign indicates tension in the outside 


-in — *j 


+ 



Coefficients at Point 


dt 

0.1 H 

0.2 H 

0.3 H 

0.4H 

0.5 H 

0.6 H 

0.7 H 

0.8 H 

0.9 H 

1.0H 

0.4 

+.0020 

+.0072 

+.0151 

+.0230 

+.0301 

+.0348 

+.0357 

+.0312 

+.0197 

0 

0.3 

+.0019 

+.0064 

+.0133 

+.0207 

+.0271 

+.0319 

+.0329 

+.0292 

+.0187 

0 

1.2 

+.0016 

+.0058 

+.0111 

+.0177 

+.0237 

+.0280 

+.0296 

+.0263 

+.0171 

0 

1.6 

+.0012 

+.0044 

+.0091 

+.0145 

+.0195 

+.0236 

+.0255 

+.0232 

+.0155 

0 

2.0 

+.0009 

+.0033 

+.0073 

+.0114 

+.0158 

+.0199 

+.0219 

+.0205 

+.0145 

0 

3.0 

+.0004 

+.0015 

+.0040 

+.0063 

+.0092 

+.0127 

+.0152 

+.0153 

+.0111 

0 

4.0 

+.0001 

+.0007 

+.0016 

+.0033 

+.0057 

+.0083 

+.0109 

+.0118 

+.0092 

0 

5.0 

.0000 

+.0001 

+.0006 

+.0016 

+.0034 

+.0057 

+.0080 

+.0094 

+.0078 

0 

6.0 

.0000 

.0000 

+.0002 

+.0008 

+.0019 

+.0039 

+.0062 

+.0078 

+.0068 

0 

8.0 

.0000 

.0000 

-.0002 

.0000 

+.0007 

+.0020 

+.0038 

+.0057 

+.0054 

0 

10.0 

.0000 

.0000 

-.0002 

-.0001 

+.0002 

+.0011 

+.0025 

+.0043 

+.0045 

0 

12.0 

.0000 

.0000 

-.0001 

-.0002 

.0000 

+.0005 

+.0017 

+.0032 

+.0039 

0 

14.0 

.0000 

.0000 

-.0001 

-.0001 

-.0001 

.0000 

+.0012 

+.0026 

+.0033 

0 

16.0 

.0000 

.0000 

.0000 

-.0001 

-.0002 

-.0004 

+.0008 

+.0022 

+.0029 

0 


Table 1 1 .7 Moment Influence Coefficients, Empty Tank (Shear Applied at Top Base Fixed) 


Moments in Cylindrical Wall 
Shear Per Ft.. Q, Applied at Top 
Fixed Base. Free Top 
Mom. = coef. x VH ft. lb. per ft. 

Positive sign indicates tension in the outside 




Coefficients at Point 


dt 

0.1 H 

0.2 H 

0.3W 

0.4H 

0.5 H 

0.6 H 

0.7 H 

0.BH 

0.9 H 

1.0H 

0.4 

+0.093 

+0.172 

+0.240 

+0.300 

+0.354 

+0.402 

+0.448 

+0.492 

+0.535 

+0.578 

0.8 

+0.085 

+0.145 

+0.185 

+0.208 

+0.220 

+0.224 

+0.223 

+0.219 

+0.214 

+0.208 

1.2 

+0.082 

+0.132 

+0.157 

+0.164 

+0.159 

+0.145 

+0.127 

+0.106 

+0.084 

+0.062 

1.6 

+0.079 

+0.122 

+0.139 

+0.138 

+0.125 

+0.105 

+0.081 

+0.056 

+0.030 

+0.004 

2.0 

+0.077 

+0.115 

+0.126 

+0.119 

+0.103 

+0.080 

+0.056 

+0.031 

+0.006 

+0.019 

3.0 

+0.072 

+0.100 

+0.100 

+0.086 

+0.066 

+0.044 

+0.025 

+0.006 

-0.010 

-0.024 

4.0 

+0.068 

+0.088 

+0.081 

+0.063 

+0.043 

+0.025 

+0.010 

-0.001 

-0.010 

-0.019 

5.0 

+0.064 

+0.078 

+0.067 

+0.047 

+0.028 

+0.013 

+0.003 

-0.003 

-0.007 

-0.011 

6.0 

+0.062 

+0.070 

+0.056 

+0.036 

+0.018 

+0.006 

0.000 

-0.003 

-0.005 

-0.006 

8.0 

+0.057 

+0.058 

+0.041 

+0.021 

+0.007 

0.000 

-0.002 

-0.003 

-0.002 

-0.001 

10.0 

+0.053 

+0.049 

+0.029 

+0.012 

+0.002 

-0.002 

-0.002 

-0.002 

- 0.001 

- 0.000 

12.0 

+0.049 

+0.042 

+0.022 

+0.007 

0.000 

-0.002 

-0.002 

-0.001 

0.000 

0.000 

14.0 

+0.046 

+0.036 

+0.017 

+0.004 

-0.001 

-0.002 

-0.001 

-0.001 

0.000 

0.000 

16.0 

+0.044 

+0.031 

+0.012 

+0.001 

-0.002 

-0.002 

-0.001 

0.000 

0.000 

0.000 
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Table 11.8 Moment Influence Coefficients, Empty Tank (Shear Applied at Top Hinged Base) 


Moments in Cylindrical Wall 
Moment Per Ft., M. Applied at Base 
Hinged Base, Free Top 
Mom. = coef. x M ft. lb. per ft. 

Positive sign indicates tension in the outside 




H 1 

dt 





Coefficients at Point 




0.1 H 

0.2 H 

0.3H 

0.4H 

0.5 H 

0.6 H 

0.7 H 

0.8H 

0.9 H 

1.0H 

0.4 

40.013 

40.051 

40.109 

40.1% 

40.2% 

40.414 

40.547 

40.692 

40.843 

41.000 

0.8 

40.009 

40.040 

40.090 

40.164 

40.253 

40.375 

40.503 

40.659 

40.824 

41.000 

1.2 

40.006 

40.027 

40.063 

40.125 

40.206 

40.316 

40.454 

40.616 

40.802 

41.000 

1.6 

40.003 

40.011 

40.035 

40.078 

40.152 

40.253 

40.393 

40.570 

40.775 

41.000 

2.0 

-0.002 

-0.002 

40.012 

40.034 

40.096 

40.193 

40.340 

40.519 

40.748 

41.000 

3.0 

-0.007 

-0.022 

-0.030 

-0.029 

40.010 

40.087 

40.227 

40.426 

40.692 

41.000 

4.0 

-0.008 

-0.026 

-0.044 

-0.051 

-0.034 

40.023 

0.150 

40.354 

40.645 

41.000 

5.0 

-0.007 

-0.024 

-0.045 

-0.061 

-0.057 

-0.015 

40.095 

40.2% 

0.606 

41.000 

6.0 

-0.005 

-0.018 

-0.040 

-0.058 

-0.065 

-0.037 

40.057 

40.252 

40.572 

41.000 

8.0 

-0.001 

-0.009 

-0.022 

-0.044 

-0.068 

-0.062 

40.002 

40.178 

40.515 

41.000 

10.0 

0.000 

-0.002 

-0.009 

-0.028 

-0.053 

-0.067 

-0.031 

40.123 

40.467 

41.000 

12.0 

0.000 

0.000 

-0.003 

-0.016 

-0.040 

-0.064 

-0.049 

40.081 

40.424 

41.000 

14.0 

0.000 

0.000 

0.000 

-0.008 

-0.029 

-0.059 

-0.060 

40.048 

40.387 

41.000 

16.0 

0.000 

0.000 

40.002 

-0.003 

-0.021 

-0.051 

-0.066 

40.025 

40.354 

41.000 


Table 11.9 

Shear Q Influence Coefficients 



Shear at Base of Cylindrical Wall 




•yH 2 lb. (triangular) 



Q = coef. x 

pH lb. (rectangular) 
M/H lb. (mom. at base) 



Positive sign indicates shear acting inward 


H 2 

dt 

Triangular load, 
fixed base 

Rectangular load, 
fixed base 

Triangular or 
rectangular load, 
hinged base 

0.4 

0.436 

0.755 

0.245 

0.8 

0.374 

0.552 

0.234 

1.2 

0.339 

0.460 

0.220 

1.6 

0.317 

0.407 

0.204 

2.0 

0.299 

0.370 

0.189 

3.0 

0.262 

0.310 

0.158 

4.0 

0.236 

0.271 

0.137 

5.0 

0.213 

0.243 

0.121 

6.0 

0.197 

0.222 

0.110 

8.0 

0.174 

0.193 

0.096 

10.0 

0.158 

0.172 

0.087 

12.0 

0.145 

0.158 

0.079 

14.0 

0.135 

0.147 

0.073 

16.0 

0.127 

0.137 

0.068 


n v V i U i U 
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Table 11.10 Ring Tension Influence Coefficients, Triangular Load (Fixed Base) 


Tension in Circular Rings 
Triangular Load 
Fixed base. Free Top 
F = coef. x 7 HR lb. per ft. 
Positive sign indicates tension 


-r«— -j 


‘Liquid Load’ — Fixed 


Coefficients at Point 


dt 

0.0H 

0.1 H 

0.2 H 

0.3 H 

0.4 H 

0.5 H 

0.6 H 

0.7 H 

0.8 H 

0.9 H 

0.4 

+0.149 

+0.134 

+0.120 

+0.101 

+0.082 

+0.066 

+0.049 

+0.029 

+0.014 

+0.004 

0.8 

+0.263 

+0.239 

+0.215 

+0.190 

+0.160 

+0.130 

+0.096 

+0.063 

+0.034 

+0.010 

1.2 

+0.283 

+0.271 

+0.254 

+0.234 

+0.209 

+0.180 

+0.142 

+0.099 

+0.045 

+0.016 

1.6 

+0.265 

+0.268 

+0.268 

+0.266 

+0.250 

+0.266 

+0.185 

+0.134 

+0.075 

+0.023 

2.0 

+0.234 

+0.251 

+0.273 

+0.285 

+0.285 

+0.274 

+0.232 

+0.172 

+0.104 

+0.031 

3.0 

+0.134 

+0.203 

+0.267 

+0.322 

+0.357 

+0.362 

+0.330 

+0.262 

+0.157 

+0.052 

4.0 

+0.067 

+0.164 

+0.256 

+0.339 

+0.403 

+0.429 

+0.409 

+0.334 

+0.210 

+0.073 

5.0 

+0.025 

+0.137 

+0.245 

+0.346 

+0.428 

+0.477 

+0.469 

+0.398 

+0.259 

+0.092 

6.0 

+0.018 

+0.119 

+0.234 

+0.344 

+0.441 

+0.504 

+0.514 

+0.447 

+0.301 

+0.112 

8.0 

+0.011 

+0.104 

+0.218 

+0.335 

+0.443 

+0.534 

+0.575 

+0.530 

+0.381 

+0.151 

10.0 

-0.011 

+0.098 

+0.208 

+0.323 

+0.437 

+0.542 

+0.608 

+0.589 

+0.440 

+0.179 

12.0 

-0.005 

+0.097 

+0.202 

+0.312 

+0.429 

+0.543 

+0.628 

+0.633 

+0.494 

+0.211 

14.0 

-0.002 

+0.098 

+0.200 

+0.306 

+0.420 

+0.539 

+0.639 

+0.666 

+0.541 

+0.241 

16.0 

0.000 

+0.099 

+0.199 

+0.304 

+0.412 

+0.531 

+0.641 

+0.687 

+0.582 

+0.265 


Table 11.11 Ring Tension Influence Coefficients, Rectangular Load (Fixed Base) 


Tension in Circular Rings 
Rectangular Load 
Fixed Base. Free Top 
F = coef. x pR lb. per ft. 
Positive sign indicates tension 



‘Gas’ Load — Fixed 


Coefficients at Point 


dt 

0.0 H 

0.1 H 

0.2 H 

0.3 H 

0.4H 

0.5 H 

0.6H 

0.7 H 

0.8H 

0.9 H 

0.4 

+0.582 

+0.505 

+0.431 

+0.353 

+0.277 

+0.206 

+0.145 

+0.092 

+0.046 

+0.013 

0.8 

+1.052 

+0.921 

+0.796 

+0.669 

+0.542 

+0.415 

+0.289 

+0.179 

+0.089 

+0.024 

1.2 

+1.218 

+1.078 

+0.946 

+0.808 

+0.665 

+0.519 

+0.378 

+0.246 

+0.127 

+0.034 

1.6 

+1.257 

+1.141 

+1.009 

+0.881 

+0.742 

+0.600 

+0.449 

+0.294 

+0.153 

+0.045 

2.0 

+1.253 

+1.144 

+1.041 

+0.929 

+0.806 

+0.667 

+0.514 

+0.345 

+0.186 

+0.055 

3.0 

+1.160 

+1.112 

+1.061 

+0.998 

+0.912 

+0.796 

+0.646 

+0.459 

+0.258 

+0.081 

4.0 

+1.085 

+1.073 

+1.057 

+1.029 

+0.997 

+0.887 

+0.746 

+0.553 

+0.322 

+0.105 

5.0 

+1.037 

+1.044 

+1.047 

+1.042 

+1.015 

+0.949 

+0.825 

+0.629 

+0.379 

+0.128 

6.0 

+1.010 

+1.024 

+1.038 

+1.045 

+1.034 

+0.986 

+0.879 

+0.694 

+0.430 

+0.149 

8.0 

+0.989 

+1.005 

+1.022 

+1.036 

+1.044 

+1.026 

+0.953 

+0.788 

+0.519 

+0.189 

10.0 

+0.989 

+0.998 

+1.010 

+1.023 

+1.039 

+1.040 

+0.996 

+0.859 

+0.591 

+0.226 

12.0 

+0.994 

+0.997 

+1.003 

+1.014 

+1.031 

+1.043 

+1.022 

+0.911 

+0.652 

+0.262 

14.0 

+0.997 

+0.998 

+1.000 

+1.007 

+1.022 

+1.040 

+1.035 

+0.949 

+0.705 

+0.294 

16.0 

+1.000 

+0.999 

+0.999 

+1.003 

+1.015 

+1.032 

+1.040 

+0.975 

+0.750 

+0.321 
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Table 11.12 Ring Tension Inlluence Coefficients, Triangular Load (Pinned Base) 


Tension in Circular Rings 
Triangular Load 
Hinged Base, Free Top 
F-coei. x -yHR lb. per ft. 
Positive sign indicates tension 



H s 





Coefficients at Point 





dt 

O.OH 

0.1 H 

0.2 H 

0.3 H 

0.4H 

0.5 H 

0.6 H 

0.7H 

O.OH 

O.OH 

0.4 

+0.474 

+0.440 

+0.395 

+0.352 

+0.308 

+0.264 

+0.215 

+0.165 

+0.111 

+0.057 

0.8 

+0.423 

+0.402 

+0.381 

+0.358 

+0.330 

+0.297 

+0549 

+0.202 

+0.145 

+0.076 

1.2 

+0.350 

+0.355 

+0J61 

+0.362 

+0.358 

+0.343 

+0.309 

+0.256 

+0.186 

+0.098 

1.6 

+0.271 

+0.303 

+0.341 

+0.369 

+0.385 

+0.385 

+0.362 

+0.314 

+0.233 

+0.124 

2.0 

+0.205 

+0.260 

+0.321 

+0.373 

+0.411 

+0.434 

+0.419 

+0.369 

+0.280 

+0.151 

3.0 

+0.074 

+0.179 

+0.281 

+0.375 

+0.449 

+0.506 

+0.519 

+0.479 

+0.375 

+0.210 

4.0 

+0.017 

+0.137 

+0.253 

+0.367 

+0.469 

+0.545 

+0.579 

+0.553 

+0.447 

+0.256 

5.0 

-0.008 

+0.114 

+0.235 

+0.356 

+0.469 

+0562 

+0.617 

+0.606 

+0.503 

+0.294 

6.0 

-0.011 

+0.103 

+0.223 

+0.343 

+0.463 

+0.566 

+0.639 

+0.643 

+0.547 

+0.327 

8.0 

-0.015 

+0.096 

+0.208 

+0.324 

+0.443 

+0.564 

+0.661 

+0.697 

+0.621 

+0.386 

10.0 

-0.008 

+0.095 

+0.200 

+0.311 

+0.428 

+0.552 

+0.666 

+0.730 

+0.678 

+0.433 

12.0 

-0.002 

+0.097 

+0.197 

+0.302 

+0.417 

+0.541 

+0.664 

+0.750 

+0.720 

+0.477 

14.0 

0.000 

+0.098 

+0.197 

+0.299 

+0.408 

+0.531 

+0.659 

+0.761 

+0,752 

+0.513 

16.0 

+0.002 

+0.100 

+0.198 

+0.299 

+0.403 

+0.521 

+0.650 

+0.764 

+0.776 

+0.543 


Table 11.13 Ring Tension Influence Coefficients, Rectangular Load (Hinged Base) 


Tension in Circular Rings 
Rectangular Load 
Hinged Base, Free Top 
F=coef. x pR lb. per ft. 
Positive sign indicates tension 



‘Gas’ Load — Pinned 


Coefficients at Point 


dt 

O.OH 

0.1H 

0.2 H 

0.3H 

0.4 H 

0.5H 

0.6H 

0.7 H 

0.8 H 

0.9H 

0.4 

+1.474 

-1.340 

+1.195 

+1.052 

+0.903 

+0.764 

+0.615 

+0.465 

+0.311 

+0.154 

0.8 

+1.423 

+1.302 

+1.181 

+1.058 

+0.930 

+0.797 

+0.649 

+0.502 

+0.345 

+0.166 

1.2 

+1.350 

+1.255 

+1.161 

+1.062 

+0.958 

+0.843 

+0.709 

+0.556 

+0.386 

+0.198 

1.6 

+1.271 

+1.203 

+1.141 

+1.069 

+0.985 

+0.885 

+0.756 

+0.614 

+0.433 

+0.224 

2.0 

+1.205 

+1.160 

+1.121 

+1.173 

+1.011 

+0.934 

+0.819 

+0.669 

+0.480 

+0.251 

3.0 

+1.074 

+1.079 

+1.081 

+1.075 

+1.049 

+1.006 

+0.919 

+0.779 

+0.575 

+0.310 

4.0 

+1.017 

+1.037 

+1,053 

+1.067 

+1.069 

+1.045 

+0.979 

+0.853 

+0.647- 

+0.356 

5.0 

+0.992 

+1.014 

+1.035 

+1.056 

+1.069 

+1.062 

+1.017 

+1.906 

+0.703 

+0.394 

6.0 

+0.989 

+1.003 

+1.023 

+1.043 

+1.063 

+1.066 

+1.039 

+0.943 

+0.747 

+0.427 

8.0 

+0.985 

+0.996 

+1.008 

+1.024 

+1.043 

+1.064 

+1.061 

+0.997 

+0.821 

+0.486 

10.0 

+0.992 

+0.995 

+1.000 

+1.011 

+1.028 

+1.052 

+1.066 

+1.030 

+0.878 

+0.523 

12.0 

+0.998 

+0.997 

+0.997 

+1.002 

+1.017 

+1.041 

+1.064 

+1.050 

+0.920 

+0.577 

14.0 

+1.000 

+0.998 

+0.997 

+0.999 

+1.008 

+1.031 

+1.059 

+1.061 

+0.952 

+0.613 

16.0 

+1.002 

+1.000 

+0.998 

+0.999 

+1.003 

+1.021 

+1.050 

+1.064 

+0.976 

+0.543 
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Table 11.14 Empty Tank Ring Tension Influence Coefficients, Fixed Base 


Tension in Circular Rings 
Shear per Ft., Q, Applied at Top 
Fixed Base. Free Top 
F= coef. x VR/H lb. per ft. 
Positive sign indicates tension 




Empty Tank 


Coefficients at Point 


dt 

0.0 H 

0.1 H 

0.2 H 

0.3 H 

0.4H 

0.5 H 

o.e h 

0.7 H 

0.8 H 

0.9 H 

0.4 

-1.57 

-1.32 

-1.08 

-0.86 

-0.65 

-0.47 

-0.31 

-0.18 

-0.08 

-0.02 

0.8 

-3.09 

-2.55 

-2.04 

-1.57 

-1.15 

-0.80 

-0.51 

-0.28 

-0.13 

-0.03 

1.2 

-3.95 

-3.17 

-2.44 

-1.79 

-1.25 

-0.81 

-0,48 

-0.25 

-0.10 

-0.02 

1.6 

-4.57 

-3.54 

-2.60 

-1.80 

-1.17 

-0.69 

-0.36 

-0.16 

-0.05 

-0.01 

2.0 

-5.12 

-3.83 

-2.68 

-1.74 

-1.02 

-0.52 

-0.21 

-0.05 

+0.01 

+0.01 

3.0 

-6.32 

-4.37 

-2.70 

-1.43 

-0.58 

-0.02 

-0.15 

+0.19 

+0.13 

+0.04 

4.0 

-7.34 

-4.73 

-2.60 

-1.10 

-0.19 

+0.26 

+0.38 

+0.33 

+0.19 

+0.06 

5.0 

-8.22 

-4.99 

-2.45 

-0.79 

+0.11 

+0.47 

+0.50 

+0.37 

+0.20 

+0.06 

6.0 

-9.02 

-5.17 

-2.27 

-0.50 

+0.34 

+0.59 

+0.53 

+0.35 

+0.17 

+0,01 

8.0 

-10.42 

-5.36 

-1.85 

-0.02 

+0.63 

+0.66 

+0.46 

+0.24 

+0.09 

+0.01 

10.0 

-11.67 

-5.43 

-1.43 

+0.36 

+0.78 

+0.62 

+0.33 

+0.12 

+0.02 

0.00 

12.0 

-12.76 

-5.41 

-1.03 

+0.63 

+0.83 

+0.52 

+0.21 

+0.04 

-0.02 

0.00 

14.0 

-13.77 

-5.34 

-0.68 

+0.80 

+0.81 

+0.42 

+0.13 

0.00 

-0.03 

-0.01 

16.0 

-14.74 

-5.22 

-0.33 

+0.96 

+0.76 

+0.32 

+0.05 

-0.04 

-0.05 

-0.02 


Table 11.15 Empty Tank Ring Tension Influence Coefficients, Hinged Base 


Tension in Circular Rings 
Moment per Ft., M. Applied at Base 
Hinged Base. Free Top 
F= coef. x MR/H 2 lb. per ft. 

Positive sign indicates tension 



Empty Tank 


Coefficients at Point 


dt 

0.0 H 

0.1 H 

0.2 H 

0.3 H 

OAH 

0.5 H 

0.6H 

0.7 H 

0.8 H 

0.9 H 

0.4 

+2.70 

+2.50 

+2.30 

+2.12 

+1.91 

+1.69 

+1.41 

+1.13 

+0.80 

+0.44 

0.8 

+2.02 

+2.06 

+2.10 

+2.14 

+2.10 

+2.02 

+1.95 

+1.75 

+1.39 

+0.80 

1.2 

+1.06 

+1.42 

+1.79 

+2.03 

+2.46 

+2.65 

+2.80 

+2.60 

+2.22 

+1.37 

1.6 

+0.12 

+0.79 

+1.43 

+2.04 

+2.72 

+3.25 

+3.56 

+3.59 

+3.13 

+2.01 

2.0 

-0.68 

+0.22 

+1.10 

+2.02 

+2.90 

+3.69 

+4.30 

+4.54 

+4.08 

+2.75 

3.0 

-1.78 

-0.71 

+0.43 

+1.60 

+2.95 

+4.29 

+5.66 

+6.58 

+6.55 

+4.73 

4.0 

-1.87 

-1.00 

-0.08 

+1.04 

+2.47 

+4.31 

+6.34 

+8.19 

+8.82 

+6.81 

5.0 

-1.54 

-1.03 

-0.42 

+0.45 

+1.86 

+3.93 

+6.60 

+9.41 

+11.03 

+9.02 

6.0 

-1.04 

-0.86 

-0.59 

-0.05 

+1.21 

+3.34 

+6.54 

+10.28 

+13.08 

+11.41 

8.0 

-0.24 

-0.53 

-0.73 

-0.67 

-0.02 

+2.05 

+5.87 

+11.32 

+16.52 

+16.06 

10.0 

+0.21 

-0.23 

-0.64 

-0.94 

-0.73 

+0.82 

+4.79 

+11.63 

+19.48 

+20.87 

12.0 

+0.32 

-0.05 

-0.46 

-0.96 

-1.15 

-0.18 

+3.52 

+11.27 

+21.80 

+25.73 

14.0 

+0.26 

+0.04 

-0.28 

-0.76 

-1.29 

-0.87 

+2.29 

+10.55 

+23.50 

+30.34 

16.0 

+0.22 

+0.07 

-0.08 

-0.64 

-1.28 

-1.30 

+1.12 

+9.67 

+24.53 

+34.65 
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Table 11.16 Supplementary Influence Coefficients for Values of H 2 ldt Greater Than 16 for Tables 11.4-11.15 


Table 11.4a 



Table 11.5a 




Coefficients at Point 


H* 

Coefficients at Point 


dt .80 H 

.85 H .90 H .95 H 

1.00 H 

dl .80 H 

.85H .90 H .95 H 

1.00 H 


20 

+.0015 

+.0014 

+.0005 

-.0018 

-.0063 

20 

+.0015 

+.0013 

+.0002 

-.0024 

-.0073 

24 

+.0012 

+.0012 

+.0007 

-.0013 

-.0053 

24 

+.0012 

+.0012 

+.0004 

-.0018 

-.0061 

32 

+.0007 

+.0009 

+.0007 

-.0008 

-.0040 

32 

+.0008 

+.0009 

+.0006 

-.0010 

-.0046 

40 

+.0002 

+.0005 

+.0006 

-.0005 

-.0032 

40 

+.0005 

+.0007 

+.0007 

-.0005 

-.0037 

48 

.0000 

+.0001 

+.0006 

-.0003 

-.0026 

48 

+.0004 

+.0006 

+.0006 

-.0003 

-.0031 

56 

.0000 

.0000 

+.0004 

-.0001 

-.0023 

56 

+.0002 

+.0004 

+.0005 

-.0001 

-.0026 


Table 11.6a 


Coefficients at Point 
H 2 


dt 

.75 H 

.80 H 

.85 H 

.90 H 

.95 H 

20 

+.0008 

+.0014 

+.0020 

+.0024 

+.0020 

24 

+.0005 

+.0010 

+.0015 

+.0020 

+.0017 

32 

.0000 

+.0005 

+.0009 

+.0014 

+.0013 

40 

.0000 

+.0003 

+.0006 

+.0011 

+.0011 

48 

.0000 

+.0001 

+.0004 

+.0008 

+.0010 

56 

.0000 

.0000 

+.0003 

+.0007 

+.0008 


Table 11.7a 

H 2 

dt 


Coefficients at Point 


.05 H 

.10H 

.15H 

.20 H 

■25H 

20 

+0.032 

+0.039 

+0.033 

+0.023 

+0.014 

24 

+0.031 

+0.035 

+0.028 

+0.018 

+0.009 

32 

+0.028 

+0.029 

+0.020 

+0.011 

+0.004 

40 

+0.026 

+0.025 

+0.015 

+0.006 

+0.001 

48 

+0.024 

+0.021 

+0.011 

+0.003 

0.000 

56 

+0.023 

+0.018 

+0.008 

+0.002 

0.000 


Table 11.8a Table 11.9a 

Coefficients at Point , Coefficients at Point 

u! fc|2 


n 

dt 

.80 H 

.85 H 

.90 H 

.95 H 

1.00H 

dt 

Tri. Fixed 

Rect. Fixed 

T. or R. Hinged 

20 

-0.015 

+0.095 

+0.296 

+0.606 

+1.000 

20 

+0.114 

+0.122 

+0.062 

24 

-0.037 

+0.057 

+0.250 

+0.572 

+1.000 

24 

+0.102 

+0.111 

+0.055 

32 

-0.062 

+0.002 

+0.178 

+0.515 

+1.000 

32 

+0.089 

+0.096 

+0.048 

40 

-0.067 

-0.031 

+0.123 

+0.467 

+1.000 

40 

+0.080 

+0.086 

+0.043 

48 

-0.064 

-0.049 

+0.081 

+0.424 

+1.000 

48 

+0.072 

+0.079 

+0.039 

56 

-0.059 

-0.060 

+0.048 

+0.387 

+1.000 

56 

+0.067 

+0.074 

+0.036 
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Table 11.16 

Continued 









Table 11.10a 





Table 11.11a 





H 2 

dt 


Coefficients at Point 


H 2 

dt 


Coefficients at Point 


.75 H 

.BOH 

.85 H 

.90 H 

.95 H 

.75 H 

.BOH 

.85 H 

.90 H 

.95 H 

20 

+0.716 

+0.654 

+0.520 

+0.325 

+0.115 

20 

+0.949 

+0.825 

+0.629 

+0.379 

+0.128 

24 

+0.746 

+0.702 

+0.577 

+0.372 

+0.137 

24 

+0.986 

+0.879 

+0.694 

+0.430 

+0.149 

32 

+0.782 

+0.768 

+0.663 

+0.459 

+0.182 

32 

+1.026 

+0.953 

+0.788 

+0.519 

+0.189 

40 

+0.800 

+0.S05 

+0.731 

+0.530 

+0.217 

40 

+1.040 

+0.996 

+0.859 

+0.591 

+0226 

48 

+0.791 

+0.S28 

+0.785 

+0.593 

+0.254 

48 

+1.043 

+1.022 

+0.911 

+0652 

+0.262 

56 

+0.763 

+O.S38 

+0.824 

+0.636 

+0.285 

56 

+1.040 

+1.035 

+0.949 

+0.705 

+0.294 


Table 11.12a 


Coefficients at Point 

H 2 


dt 

.75 H 

.BOH 

.85 H 

.90 H 

•95H 

20 

+0.812 

+0.817 

+0.756 

+0.603 

+0.344 

24 

+0.816 

+0.839 

+0.793 

+0.647 

+0.377 

32 

+0.814 

+0.861 

+0.847 

+0.721 

+0.436 

40 

+0.802 

+0.866 

+0.880 

+0.778 

+0.483 

48 

+0.791 

+0.864 

+0.900 

+0.820 

+0.527 

56 

+0.781 

+0.859 

+0.911 

+0.852 

+0.563 


Table H.13a 

Coefficients at Point 
H 2 


dt 

.75 H 

.BOH 

.85 H 

.90 H 

.95 H 

20 

+1.062 

+1.017 

+0.906 

+0.703 

+0.394 

24 

+1.066 

+1.039 

+0.943 

+0.747 

+0.427 

32 

+1.064 

+1.061 

+0.997 

+0.821 

+0.486 

40 

+1.052 

+1.066 

+1.030 

+0.878 

+0.533 

48 

+1.041 

+1.064 

+1.050 

+0.920 

+0.577 

56 

+1.021 

+1.059 

+1.061 

+0.952 

+0.613 


Table 11.14a 





Table 11.15a 





H 2 

dt 


Coefficients at Point 


H 2 

dt 


Coefficients at Point 


.00 H 

.05 H 

.10 H 

.15H 

.20 H 

.75 H 

.80 H 

.85 H 

.90 H 

.95 H 

20 

-16.44 

- 9.98 

—4.90 

-1.59 

+0.22 

20 

+15.30 

+25.9 

+36.9 

+43.3 

+ 35.3 

24 

-18.04 

-10.34 

-4.54 

-1.00 

+0.68 

24 

+13.20 

+25.9 

+40.7 

+51.8 

+ 45.3 

32 

-20.84 

-10.72 

-3.70 

-0.04 

+1.26 

32 

+ 8.10 

+23.2 

+45.9 

+65.4 

+ 63.6 

40 

-23.34 

-10.86 

-2.86 

+0.72 

+1.56 

40 

+ 3.28 

+19.2 

+46.5 

+77.9 

+ 83.5 

48 

-25.52 

-10.82 

-2.06 

+0.26 

+1.66 

48 

- 0.70 

+14.1 

+45.1 

+87.2 

+ 103.0 

56 

-27.54 

-10.68 

-1.36 

-rl.60 

+1.62 

56 

- 3.40 

+ 9.2 

+42.2 

+94.0 

+ 121.0 


732 


Prestressed Concrete Circular Storage Tanks and Shell Roof 




Department of Civil Engineering 


99. e). Prestressing Effects on Wall Stresses for Fully Hinged, Partially 
Sliding and Hinged, Fully Fixed, and Partially Fixed Bases 

wiitnHnfuEiMBiiJtiiMmainainaruaMaiiaHaiHMHin radial iBmnRl yh upusitiS 

fjcrntimti ifltmiiSn ring tension i^ni3H8rnRiiJnaHm5ratiMiiM&ii3iTrdutiHiuMtitTni3!iJtii 

w- n ct i u U U i ty 

uiSntiiwiHtTtKiiJtiiHgintiHBtmHtnB i iBmmnuBmtmHtnijmtiiBsiiJtminjntii^TTtiiti sti 

nctU i m wo.ctu n ,] Li 

m^nTRlaumGfnmStU tRTRfHBfSIRtnatTtlRtJTtntJttiRSiatTfrittinimSK radial thrust BWRti 

e'^JUUnc* nUuinsuLiiLi U n V <=* 

ftiWHItttffjj radial tension rannjJTlHIS&lJSti 1 HMHrilB* lB^mimimnRHH1BWlHI|U«BllW 

tti&itinaiuMtirmiaiBlintiiinaBnBt9 inTHiumniRtnatTURaTsnaumTnBmrnHnBmnaTsna 

& ct iy Liu is- tu U i Li EuJ E*J «v i U 

mmtticutslracu (residual tension) 9naini3tiJBiBHatimiHiuMiuHi3 BtiuJmuiritTitiJRSiimH 

va v U v r i w va a a 

RtuifiiffiRicn 

1 1 o- 

iBHTniBimirasnaBafTinRRHiBtmHtragiBlitiBiaiTrdiuMtirmaina wramBinmna 

e*J Li ct Li Li ty uincu 

traRaTtnaiiJRn^tiRtniaiiJnifiTHifniuBBiBHTiS^TRHia radial isninRluJnjTJtiitfimM’imfini 

U i U tu Liu n &J c? £j ra va U n i 

UqiUBBltifitiHIBWBti Hml3t!?iffi!imB?i^lH1SRi3T?fil3fi3i3mtlCUlSllMMfi3CU (residual compres- 

■ve ^ <=* 15 - n ,J l Li n x a 

sion) tBlRtiHItilBlintllflirin] *1 RinRBl^titBRtntiltURtitflltifim (circumferential prestressing 
forces) mHimrmnrafamrafimmtiitinuiBH smnnjggHisItJRumTmHmmuisiasaflsntiJ 
lUftiMRIUlfTin BamTHUTHWMUmH (moisture gradient) !tJnial3fTlRRTH1Mtirml3nl3mtmB 

i in U by x x tu Uw-ctcv 

HBtutiafiJn 


99.e).9. WRtimiiamflJtSltatMJ (Freely Sliding Wall Base) 

lalinniniRsniiTniiJBtBtnRiuMtirmtiHiBiHniiiJiHitMJ iBiMnnimaiauBRSiaRa fiBti 

a a Li i y dj ct 

HBtnBHHtiiBlRatirmautTiTiiiJtmiiimtiiriuBRtmiBiRni unuamwnnHimranmsfiti isisutsi 

v ty euJ n ^ i -vi n cu U i U 

intllinatnmiJtljRHMW RUfltm HI St R nominal moment fifiBmnmMRfimBIBltnwmtiHBinm 

va n v i n-n va 

niatraRatRiauJimitiR hrsis ti^mJiHSTRJmmfnmmntarmaumTns'i lunasBrgtirmm 
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Residual ring 



(b) 

Figure 11.7 Freely sliding tank, (a) Deflected shape, (b) Residual ring compression. 
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tjfunmsl ntiuifi 11.10 1 

U ct ct 


Outside 


inside 


Before 

stressing 



After stressing 
end empty 


Residual compression Tension when tank empty 
(minimum • 200 psi) (maximum ■ 3\J7^) 


Full 


(a) 



Ring 
forces 
per ft. 


Vertical 
moments 
per ft. 


: Due to prestress 
: Due to liquid pressure 


Outside 


Inside 


(b) 




Liquid or gas 



P 

A 

Vertical prettress 
(C) 


Figure 11.8 Hinged-base tank, (a) Deflected shape of tank wall, (b) Horizontal 
ring forces and vertical moments, (c) Concrete stresses across wall thickness, 
(d) Resultant wall stresses. 
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u if. eJ eu 8 cj is- Lj Li ^ ct 


ijufititmti ga^jttJnn^Sa 



Tfnt3tjmTJtnfiB?itjTHmsi3i5EimfiB?iraHJHT iHtfiHmBtiuJnnTSanHmuiBin ms ftimranmmti 

Li njJ W-tJ V- U tj t] Linttfvin Li j Li 


Deviation 


Residual from 

compression full slid* 



(it (W 


Outside Inside 



Horizontal prestress 



P 

A 

Vertical prestres 

td 



Tank empty 
or 




Figure 11.9 Partially sliding and hinged-base tank, (a) Deflected shape, (b) Hor- 
izontal ring forces and comparative vertical moments, (c) Concrete stresses 
across wall thickness, (d) Resultant wall stresses. 
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(a) 

Ring forces 
per ft. of 
circumference 




Liquid 



Tank empty 




Tank full 
(e) 


Vertical moments 
per ft of 
circumference 



Tank empty 



Tank partially full 
<f) 


Vertical prestress 


(c) <d> 

Figure 11.10 Fully fixed-base tank, (a) Deflected wall shape, (b) Horizontal ring 
forces and vertical moments, (c) Concrete stresses across wall for full tank, (d) 
Concrete stresses across wall for partially full tank, (e) Resultant stresses, full 
tank, (f) Resultant stresses, partially full tank. 
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99.e).tf. tnm3mii3UaUHStnntttlJn] (Partially Fixed Wall Base) 

99.e).H9. migmiiafnflcu (Rotational Restraint) 
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< - J ct xx ULn-Ni«v 1 y y ot w- 
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Figure 11.11 Base ring effective width, (a) Full base slab, (b) Large cantilever, 
(c) Equilibrium condition. 
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mjfiQSstutnsmHSRamnEJisTrintumssaring base irmstSinmHimrfnnraimtiifniim 
HtHntini (superposition) II^myRUmnininJitBtimialnniftmiMJ (freely rotating wall) frlHffi 

samnTltimiauamnfnmjcn tiBuiairniBlntiiuB 99 . 9 ^ whir 

w- n ~o v lti-o <=* v 

= HHiananinniiwnimHTgMialTHtitnHtitTfia 

u v n -s* ~o U r> U cj- 

M n = loaded cantilever toe 

y V ct u u* n 

o x = HilwiMlraMtnntinpt3Mynuing|H pinned Iti&qRJstimntfiuA! raw stiff 
unloaded toe 

0 2 = HJ§njtnRtjmiRlJlnJU[lil1Cdn restraining moment M p iHCU|RfSl3fnntJliJ A 2 IB 
straight unloaded toe 

02 = HlSwiBjUBltiBtitB stiffening toe tomatliniUirtil cantilever I{fnHHreUBfiUmjJ 
itinjTRlstifnnfrra a, rawtsti toe fdtimnmwnuBRumTi 1 

Uu J 1 n <sj tuJ 

L = SStiJtlfj stiffening toe 1 

q = UBn&nmtaHBifiIBllt3 stiffening toe = yH ttitlJ H tjimJMJTJMinti 

rarjliiMSDJ , RTHifdtjnfiiaraMliiMSDt iramfiTreMfiTrewiuMfiiMBii/i ^ 

\sh Li cj 1 vt Li Li vt 



Rgure 11.12 Deformation and rotation of wall base, (a) Fully free wall, (b) Fully 
fixed wall, (c) Superposition of (a) and (b). 
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Figure 11.13 Deformation of circular wall base ring, (a) Ring plan and cross 
section, (b) Deflected wall bottom due to radial force O', (c) Deflected ring base 
due to radial force 0 2 . 
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99.Ct Recommended Practice for Situ-Cast and Precast Prestressed 
Concrete Circular Storage Tanks 
99.C19. mjftntl (Stresses) 

tmwfniimiimBfiBiglMTmuHiaMnntiHniraHairanaTmaiiJtiitjimalaamaaTHitna 

tl Li Cl V 1 Li i Li suUu 

i 

taflJ cjjliJltff Prestressed Concrete Institute, American Concrete Institute Si3 Post -Tensioning 
institute MTtnmTSMffMfitirmtiHBtTnn. fTURtuifisi/i RTtnMtirmtiHUTuitn aafiumimifiisfa 
s4a rmtiroti i RarmaHBtmmBinaraRa stf shotcrete TRitnB^nalnasnna 99.9nl i nartfia 

1 U i m ct | Lsi) ‘ J i U 

HBtmmsinaiiJRnTSaTnftnB^nBiRamna 99.9tf 1 

1 rn ct U Lm ‘J ct 


Table 1 1 .1 7 Allowable Concrete Stresses in Circular Tanks 



Concrete 

situ-cast and precast 

Shotcrete 

situ-cast 


Type and limit of stress 

Temporary* 
stresses 
fc P si 

Service 

load 

stresses 

fc, psi 

Temporary* 

stresses 

fgl, PSi 

Service 
load 
stresses 
fg. P s ' 

Axial compression, f c 

0.55/;, 

0 . 45 /; 

0.45/p 

but not more 
than 1.600 + 
40f c psi 

038/; 

Axial tension 

0 

0 

0 

0 

Flexural compression,/. 
Maximum flexural tension*,/ 

0.55/;, 
= 3v£ 

0 . 4 /; 

3v£ 

0-45/; 

0.38/; 

Minimum residual compression, /„ 

Kf) 

200 psi 

H f) 

200 psi 


•Before creep and shrinkage losses. 

Tiber stress in precomposed tension zone. 


Table 11.18 Stresses in Reinforcement 

Type of Stress 

Max allowable stress* 

Tendon jacking force 

0-94/ pv £ 0.85/ pu 

Immediately after prestress transfer 

0.82/ pv £0.75/ pu 

Post-tensioning tendons at anchorage and couplers, 
immediately after tendon anchorage 

0-70 

Service load stress, 

055 f pu 

Nonprestressed mild steel at initial prestressing, /„• 

f y l 1-6 

Final service load stress,^ (psi), potable water storage, 
60 grade steel 

24,000 

corrosive storage 

18,000 

dry storage 

// 1-8 

*1,000 psi = 6,895 Pa. 


fniminntiBcu stifiummtitmtiirmtirmti 

n v v i U / U 
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99.f1l.lQ. tHRlUlUSfi smiMMlifitHffTtf (Required Strength Load Factors) 

uRtotris iHtfiHmatiiBmMHBiuMfi aaiSasna nirnftnBMRRjiHimaitffiaiijnSlniM 

UUinww ne» w L/y U U 1 

WtiRtlflSl (design strength) B^afignniraMUBjUBRtHRimilJWRimRIlJim ACI 318, ANSI. 
ASCE 7-95 UinTMtmWRllfRMTHfllUJltDJMRlflJfllflDnWRlfJfnRfiMHItJlRtiflltilHmaafllR- 

"s* U UJJ e» 1 li 8 

sim 8HaipH: 


Feature 

Load factor 

Initial liquid pressure 

1.3 

Internal lateral pressure from dry material 

1.7 

Prestressing forces: 


Final prestress after losses 

1.7 

Strength reduction factor for both reinforcement and concrete, 4> 

0.9 


MHRiniWMl3HHlj nominal M n (fdlt3jl3mSt3fdHmnE3thl|Ufd(H1U linear prestressing 

M n ~ Ap S fp S 


d P 2 


R 


M n Ap S f p S 


, a 
d„ — 
p 2 


+ 4A 


d-- 

2 


(11.50a) 

(11.50b) 


lalinmuJiuifiitS a s tuim 

ttitu a_, =iSmmnl3Tsrit3umTmt3Ssl3HtiJtmsn 

P* U i U euJ ct u n 

f ps = Ra|fnaia1pItJRI|URa|fna|RtilIMMti nominal 
f y = yield strength JURIttJRGHRI 


99.cH.m. ntHfmifluraraintiminnnmtirm)) 

Utl U Ct W 

Minimum Wall-Design Requirements 
99.IH.IT1.9. RHIiaflUl (Circumferential Forces) 


tmrtnttnf 


RtntittJH F t = yr(H - y) 


f P i 

fps 


mffiffimnn} (backfill) 

RhMh F bi =p{r + t) 
til to ftilRTHlMtirmtiMIUI 

U 1 


(11.51a) 


(11.51b) 
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99.ril.in.la. fitfnftf (Thickness and Stresses) 

ff[tnfijtfirnti(Core Wall Thickness ) 

t = *L 

1 CO r 

J ci 

mBHaTHinB^aRTmMtirmtiHUTuitntiJtiitnaiitnnuialnaitiR 11 . 7 . 3.6 1 

1 Cl Lift V Lj iy bJ U ct ct 

1 

ntirmPsmrmmttimtrmmnmtmnmncnammnPmtttBff 

t U 1 U n -k» U 1 L» 

y _ Fbi | Fj f PC 

t { co f pi 


(11.52) 


(11.53) 


99.ril.m.m. ffltltflU (Deflections) 

fnntJiu radial iH9nMt3i2HiuMtirmtiiflnranmniriRtnaiTURaTtnai3Hn 

vJ ty n ru U i U 

Fr 

A - = — - — (11.54) 

1 t F 

l co 1 - J c 

ttitu r = rnsttmiaiuMinti 

ct 

t rn = RTHifjrarjtjmil 3 tsl 8 it 3 iji 3 sntatnriJtjratjnTiti 

E c =51,000fJfpsi(4,100fffMPa) M{jntfrUHtigtiBBHtTl sa shotcrete 1 
fnntJiu radial amimm a f HiQHismmwsm.5 isl3E3msmntfim3rnn MTHiticuRstui 
imnBmfifnntfiu radial itJtuHBtmHBanmtimBBiaiTmH 

1 m 1 U V Li 

A/ =1.7A ( - (11.55) 


99.rtm.(s. fiSCICUSTJ (Restraint Effects) 

Mtjn^ummBmmmeiitjmitittimumnjnnmPmstradiai 

v tuJ t* n « 

M f =Q2AQ 0 fnf 0 (11.56a) 

HHtiiajtRtnnaiBlBtnm 

V 

y = 0.6Sfrff (11.56b) 

ntnti uBtiftre 

1 

nmamet radial mmuwmtitumriwmftftuNstifrfitfifitwtumft 

Q 0 =038F,J^ (11.57) 


mtimnimw SaSucmminmmrunartria 

n v v i U / U 
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rainBtBmiWHmmsTHftnaiTUMTHimHHiaMmiJtiitjimalaamaaiiJtiiMiaMtiiiJimin 

U Lijj U U r> cu 

1 

s diaphragm tainatirmtiiuMfiuiniTis 1 

A ct w- i run 


99 .Ctm.tf. tlJRGHSnMtjnUfn^msItJIR (Mild Steel for Base Anchorage) 

tUMSttJtmftf diaphragm, IRfnJujaflltifimafititaHIBntiHfgi US1t3HrdQH1HI 

>’i =1.4^ (11.58a) 

ciiwtnm {uSsratRHStftJ diaphragm tR|RfRi3Rfl'SH'lffi 

>’2=1 -8^ (11.58b) 

ntthtilR 1 GCirntjl tR[RfURmSH{mfi3tjR (anchorage length) M y x U y 2 1 tpSpIjSHUjmtn 

lUMIllRnmjI nominal tSl^RUStilRR 

A s = 0.005i co (11.59) 

iuimiRTHiuaRfintnHaft3tnm 3 ft u 

Lry in V ^ *v* 

y 3 =0J5yfrt^o (11.60) 

ttfimmRHmnmititlJntjlti 1 

w 

99.Ctm.e). RtjnMtimitiHUJUJtn (Minimum Wall Thickness) 

tjcrrititnmafBtimai] 

t+ « 


Type of tank 

Minimum wall thickness 

Shotcrete-steel diaphragm tanks 

3| in. 

Tanks without vertical prestressing 

8 in. 

Tanks with vertical prestressing 

7 in. 


timitimrifftnif 


Type of tank 

Minimum wall thickness 

Tanks with vertical pretensioning and 
external circumferential prestress 

5 in. 

Tanks with vertical pretensioning and 
internal circumferential prestress 

6 in. 

Tanks with vertical post-tensioning and 
internal circumferential prestress 

7 in. 
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inrHiBiuntsi MTHiuHialiJniiaiTURaTsnatilHmaa tendon, tmnosimHifjtimiiaHSTRf 

Liu U U 1 Li 1) U cy Liu 

9 in. WTH’lUR'lIiJUHBfRB 1 

V Lj in 


99 .cS. TRUTRarmmra«9iRatjmit3mMmatuRi3tmRi3Tmt3rit3Hfij 

ULictU ctu- l U i U v 

Crack Control in Walls of Circular Prestressed Concrete Tanks 

Vessy Sti Preston ![mmMHmiBll3I|mHlflimnDnwmilJliraM Nawy fi3|H1UStTIM1H 

w max =4.blO- 6 Scl E ps ff; (11.61) 

ttiEU e ct = miHUtHWntilBjUIUMttiiaRligini (tensile surface strain) IBlRtilURti 

of t \ 

i . , ■ j 8 ^2 s l^b 

I x = grid index = — ~ 

H <h ) 


s 2 = RHJlRltiRRtiBMltlJS “2” 

5, = RHJlRUjRRtiBHlRtiUlJS “1” (BMltiR) 

i c* 

t b = R|H1MR1imJ?tiRRRtiWHRjftiR 
dh = HtiRtlRltiRRtiBMlH “1” 

' 1 n is- ct 

iRHiBRimmulTHUTHtiinaiBtniaRiiBitTin 

Lj I_iu U ~o 

_ &tf pi 


(11.62) 


tuCU a t = tnritH|RRr3^R1i3 (stress parameter) = f p /f pi 
f pi = ifunaynmBHHsiintijnuTiRua 

MTH1d5Tli3tuCUfi3RfinJirifin! BiriwiHtTUSHBtmHRUItnR 0.004zn. 

Li n i ct Li i m 

i 


99.d. fntMRflRIUim^ytl (Roof Design) 

fiutlIMTinUinl3IlJtl«ml3MtiRl3BTHtilRll3 (shell dome) U tilSutlinuiMIlJtllTBiallW 

y Li ot Li v ' -vi V «t> Li 

MMIBU3R13 *1 tilBIBl RtHIUMSuniTUItnni^HmmRUtBRtHtTR^l3UflBil3HtlI1 RtiRIimtJuUJnU 

c* V cu V Li U cu Li lJ n u ct jj 

iw (iBisBiRTtmuuBimBlBaRiBU) RiiRniiBiiBRiHiRitiiRiinnRimBininBRTHitinuRainnH 

vfc Li "Vi cu c? U cl U 1 

mTJRtilTTJRtiTfliiaHmBM dniSfdt5B?ri SBltitmitunuiBlfiti ACI 318 Code 1 TiJMSra SuEUtil 

-vi 1 U i U u -vi -*• v iJ ct U y 


HWaifmtmm aaSucmminmmrurtarmti 
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raifiBrantiirafimtntiBiRTtmu mimHtinSfiH'HaHBB imsmHatsitnBiTUMMiBianaiB i rans 

Lj | Li | Li Li n u. Li c* 

HmaiB mHiuMMMiBiantiuiBH BaiSamaiuMfiHiBuiSBmHiuMirt^iaudBitJHtii i 

is- £ii ctcv n eu U U in u 

i i 

SunnmamBramntiBMTinuinaiiJtiiHiBHaHSfiHBBtiia iso ft uJimrmifiHBTfifRii 

V Li Li (“I IS- J Lru 

BtiiuimfiHiBwnimiiMiJfiBMTHiuinaiiJtmiauiTmHBntifniBUBtiiBauBRBiR 

Li ot 8 ctw.Li n Li c* &> 

thnm (backfill) 1 titnss sTHti shell BtinimraMJiiBlBatimitiHiaBiBriBnwmtJsiaiBiitiJRtH 1 

-o x V U u* e»su nj 

tiimnninamH utltu shell TRlWSTSl^ffitjmil3fril3tilHffiSt3R[intt3tUH1S flexible completely 
raHstJioiiis inrHiiRMTHniminniiBimatirmtiina roof dome ititUBinstistifckTmsfm 

v «=* L»U Liu M- Li 

su stifnnlmfTini relative tiiHmBamHMiiaMtiuiBHniaintiitiiHmm 1 

Li m xi nj «vct u ot 

fiutUimantilMIIlJtllinBrise-to-diameter ratio Kid Rts tRUBStUnmHTmUltlJ 1/8 1 

V o' v Li (u Li 

SytmfTiaraUIBS y axisymmetrical shell maRRHimSmSWH1SSrJlBCTt[fTllSi[Rl3 springing 
1 u th fl {R f tflS SUB till ultU ring beam tXP^LR^ a ^ mRnj1 Sntlht3xHH|^ftSiX J Ri3S'[H "1 yilfiBring 
beam RtUlRTURRHUbfiJ BtiHHtilWMIlJnraimitllfinaTRiauiBHIlJimtiltli Stim3TR1i3nmslTRl3 

Li ~t> v n 1 Li CN. di l Li Li 

BtiuatfrBlna shell xnjl springing 1 1 R HI G S tin til H jl ti I Bj fi til membrane solution fflimnniR'lJ 
imiyil^miJinflUlBHniWfiBnniHHtinmiJninimRIlJimRIHfrni strain compatibility 13 
bending theory *1 


99.d.9. Membrane Theory of Spherical Domes 
99A.9.9. Shell of Revolution 

MHfnitUSD membrane HTHIURHItiltfimtfltmBlRti shell of revolution rtBltiUJUttHTHBl 

Li su & cx y in -o 

RtiitJS 99.96 TRJimrdTHIURnUR RHIti meridional tlRRl/V^, R HID tangential tlRRl No Bti 

v Liu U Li eu n y 7 eu ^ nt/ 

RHID central tlRRl/V^ B43 N# ItfimitUHUBRBBini p^, p g St3 p z 1 MHR1IB113IB8H1B: 



d{ N <b r o ) 

dr 

dN qz 


Meridional: 

d(j) 

■N e — + 
0 d(j) 

d g h + P<t> r oh ~ 0 

(11.63a) 


dN. 

dr 

dN QA 


Tangential: 

” n+N M u + 
de 6 * d</> 

- , + Po r o r \ - 0 

dtp 

(11.63b) 

BfiJ z : 

N l+ N g _ 

+ Pz =° 


(11.63c) 


iEftmemrasRHiswRnfi:wra{s, yranflitiHMitJnjBiriBtiBti 56»|RftnsRtnR tuimininBMnMi 
RiticumRsnsti dd> iBTiflmtiilitiiaiMTniMiu dd> iiftmtmimBRniTiHmiTtiTntiiinTMmBi3R e ^ 

U ' vJ •nj U 1 ' ' /t ’WZjLi Liu Li u 
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rmtuuti circumferential load p*= o 

pi 1 C7 su pi su Uy n 

1 u 

meridional gtifl3tsftiHJTWTJ 1 utsiSS IRjnBWnwiWHfTlI 11.63 tsfdl’mtjl 

e» Li v vJ ~o 




(c) 


r , and r 2 = radii of curvature 

r Q = radius of parallel circle 


(d) 


Figure 11.14 Membrane forces in a shell of revolution, (a) Meridian and parallel 
lines, (b) Membrane forces on infinitesimal surface element, (c) Component of 
force A/„r,dtt) in the y direction needed to simplify the basic equation 11.63a. (d) 
Dome cross section with total gravity load W. 


mimmnimm Sa^ucmmatmatranarma 

n v v i U / U 
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99.&9.I3. itotlftRltintitMI (Spherical Dome) 

MVmmatJIVN Membrane Analysis 

finniimanaiMiinamiimtiitsn titnss r . = ri =r n i uJimMantji miutiiiMiiMBa a 

1) c? V l Zs (J s*> c> -'b 

ISIS r Q = nsin^ tSlntijUS 99.96(c) HjimitfimmR p z = w D M|jnUUaRtiltli tSIiMHfnJCUStt 
Blffl 11.64 Riratil 

V cu 


N e = aw 


D 


1 


1 + COS (j) 


-COS (j) 


(11.65a) 


Bti 


N+ 


aw D 
1 + cos^ 


(11.65b) 


ifltu wn^HiaRtiMinraMUBR^WRaHmhRmttii imaiuJtTiBmaBnMfiMHRii n. 65 b tin 

LJ i & <*, <=* u n & -o e-J 

RHia meridional AL StiHltiHIStilSQ 1 titttSS RHnaManaatRRtnBmHUinnim meridian 

cu Y is- v cu n n 

luimfiBaiRBi^aiBlinrotaH <t> mstsja: taltcitu ^ = o, N l/> =-aw D i2 itiimiBlinnjitinj 
(j) = nl 2 , = -aw^ 1 

RHia tangential N n tnSfitHHfrjHIS ( RBlUfilhR) MTHimHHtHRnJlfitaH rfUHimn 
tSiratUR N e =01SiRi3fdHfnJ 11.65a, l/(l + cos^)-cos^ = 0 mSStUtflS ^ = 51°49' 1 R1J 
RimRUaimTsl fdTHTO d>51°49' RarmaBlfmRRHiaiBlRtiBMIRaBa meridian 1 RUluaiBR 

in -o Li ' ] u m ct 

nHjtnia meridional N ^ IuimRlIIuaiBRRa|ma tangential N e MtmumauaRtfiw w D ah 

uaRHitsisiauRl wr TRftnBuaunialRaraB 99 . 9 £ 1 

dj U Lru in -o v 

|UMBrauaRBiai|RlltsI(UaRtfitlI) toSjHianijwiR w L , RHia meridional N (/) 
TRltns BBraritiiBaiaHaitiiJiiJim^TtiBRBianRiiMBaRHia meridional mama msstma 

Lrn u Pi JJ * U va> cu ct 

— 7t{d / 2) 2 w L = 2n[a sin f)N ^ llUlffiriJIJ d/2 = asin</> IffiasSEUtilS 



tims? ^tiiRtHitsiiiuRHM shell maHtu tiBtonSrmalRaiuB 11.15 1 

V Y su n V V v 

N e tt3tutJ[uiituntJSRmt3jw L R 


(11.66a) 


„ 2 1 awj 

N e = -aw L cos (p H 


= aw. 


— -cos 2 d> 
2 


aw, 


cos 2 (j) 


(11.66b) 


MljnuRinji n 0 = 0 , h ^ = 45° 1 tiBiBs ma^ma shell tanraniritunRma tangential n 0 
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fdjWii <j) < 45° ftiWmfiUStlJetfimfUS I nmJratfltsRfitffSntf tangential N e 

mmi3fiJS£3istnstri^tJcurafjmi3fiJRHisnjR[ui: flat OatumftJ h'/d tslnflras 99.9&!(b) hs 
fRltstfiti 1/8) sfl/v 0 islintmtftuB 

(!> < 51°49’ meridianal S1345" MjWdRHltt tangential 1 

timtitUtnsnjtintjnglfl^H |timSS|HlSi[?lfl springing ( {tJMSrafl restrained ) flStt 
mSRmRRHHSRniimtinjflfl^nnRHisRflTmmtiiffittitu sflRmmttnmsIrna shell imi 

m U ~b r-*tJ i Li <* i U ct eJ 

springing 1 titHSS IRHItiHSlR bending theory plate Sfl shell ^HjR[Ulfif1l3|fnflnfi 1 

SltarjrnHtSg tfimmjflmjnffliWRJlfllUlSI ring beam springing ulBj{tJSni3 

SfltJflRHIfl fdtiR meridional tt3R N4timis§jmHnJfj dome GChRHtURfl 1 

mtun r & VS v c* 


(-): Compression 
(+): Tension 





d/2 

sin$ 


fa) 



»L 



Figure 11.15 Gravity membrane force distribution in a spherical dome, (a) Flat 
dome segment of rise h'. (b) Membrane stresses due to self-weight w D (W„ = 0 for 
<t> = 51 °, 49'). (c) Membrane stresses due to snow load w L (A/, = 0 for <(> = 45°). 


ffitiejnnimm sadumtmmuefmmnarmd 

n v v i t-i i U 
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nMHfTIJ 11.65b Bill 1.66a IfijnBMIIMIRfnil meridional/^ 

RllHffiQRmtta SiltJSRmtiJnTlntinM w, RUHtliQRmttaTmtintU (unit projected area) 

ot u n <ii & Lj s/*i_<c*y n * u x 1 J y 


N a =-a 


w 


D 


W, 


1 + cos^ 


(11.67) 


to a = d/2sin^frlf!irafjsheain 

GEUlltflRHIll (thrust) Nj RimtjIRtnilUmjItfiii springing (</> = k/2) IS hemisphe- 
rical dome SillMSil 1¥ = a/2(2w D + w L ) RtiHffiQRmSSll 1 tolsmmtajlllSjmtlfj (/> , Nj 
HlSEUmUKiTSfi ltoimmtotoiltt3mUfjflWTmtoiWRnfinJimring beam ntimiTStosI 

8 Li Liu ru Pi Li O U i U 

1 

|fiii springing tomHIGWlltft shell rim 1 UilRHIiaitiRIBSR p = N ^ cos^ 1 JTJWBItJP til 
RHnaiTTIRaTmanaHmRHMBHiaina ring beam IBlsnMHmill.la P = pd/2 luim 

CVJ Li I Li ct ri cn ct ct 1 


P = |(a^cos^) (11.68) 

tilRlWil njMBIUIfiiriBHBifiP UJimtiltlilBllW dome rim IBlMRJJlBRimfiRilTfliiatal 

n U i ci i U 

mi dome ufimMHmi n.67 1 tfistsl fiHBtiumwnjig immemnmmmitoiranmrniimi 

ot ii Li u Liu Li ] Li c* 

uhnimfiiiBB to p Hsmaiumslmimto&iwiirafitotos itomirmiJlmiramiTma 

Li <N.ctLin c -y i Li ct ] Lj 

RUS rim HIBHIBRIHSMIUTIM 1 titstSS IfiffifRUtflR edge beam touto shell 
Rn/lfiltfimWlBB 1 


mtnnjfiunrtmiJffafiiinmthmrmgmmntiTeni] 

U v ci U t Lj 

WRSimmilJBfiRriHmntiRflJtllBgtlltnBIBiiritllflJtllTURRH edge beam H1BBWTJ£T1TJ Sil 

8 3 Li rni u Li ^ 0 euu 

STHHSH1S restraint tiBUinmtBlRilJTJB 99. 9S to dome thrust N d HiaRlfiBnjtiBilBJTJMBH 1 

U v in ~o v Y su Li ] ct 

UlMBIUIRRlRflRlHISJ A- A RHIHUjR Nj cos^tf dome BWRBtlJRiatnBBHim 

= (11.69) 

tutu // = tiwiBjuniMa ~ 0.2 MtjnuiuRa 

d = tCyH shell (shell aspan) 
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Displacements due 
to A/ # cos $ 



A 


fb> 


Figure 11.16 Ring beam effects, (a) Simply supported beam with thrust line 
passing through ring beam centroid, (b) Shell displacements at rim; rotations dis- 
regarded. 


wimifiBBWtnBfitritiilfiSn tangential nfJHfflJ 11.65 tJtSBltitrmH 

u tu n v U 


N a = 


w D d 


1 


2 sin ^ 1 + cos (f> 


-cos (j) 


w,d , 

— - — V 
4sin^ 


cos 


2f0 


(11.70) 


[tnrilHnlni RHIti meridional N+ IpJ ring beam BWfilBmffTltnBBHim 


N^(cos(/>)d 2 

4Ebh 


(11.71) 



beam BnjnmfiHmBtiBtnmwiU 

V •=* V 1 


A T =A S +A b 

tJBIBSRtntJMIUItJnitnaHirilWHSmH ring beam fi 

V CU i i 0 

<11.72) 

ttitU h tflRHfj ring beam WITH mnrafUIBfmfHaMHfTlI 11.72 3iJ 11.68 UilltTlTjmtntilTtJfiti 

n ^ i UiJiJ in -xj tu Li i 

Trnl3mMsmmSmmJmntunHSHismHatiit3Ririmmnl3Tfrit3raSgfnnlE3tiJTRJrnnmmTfrim e i 

Li Li e» Lry l tu tu Li ] Li Li rP Lry Li 


miminnimm stidurntmtitmtiirmtirmti 

n v v i U / U 
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siPismnRstSTms§Hisrmuinjn 5 % ib 1 io% i niRSimtiBRimBniRniunR MiB'iudome ttScu 

vJ Li 8 a V ct 3 Li 

fsiiunifiintan dome HBRiRRiHBTutiBaBJUMrmg beam luimnHTHitnBfTiuBmalaiBiaa 

O (U Li 1 ct Liu UV 

tinflti ut 5 iSlfli 3 Jt)S 99. 9H) (a) 1 inHIBBBWHtHTUUnWTUIUlWIUMRinlaiTURaTSnaHTHfrni 

CJ- V <=* 7J XI eu Li Li eu U i U Uu 

l 

p itfim uiSbrihium pis 1 r 13 mhrij 11.68 qss 10% i naniimrauiB* narsnaiBina shell 

n 6U ct %) ct ] Li ct 

fRijRUB springing mi 38 MnRl 3 ||fll 31 titUSStUtnsn membrane solution ffiltiSIti ItJimiRtRilB 
mnRR|Hf bending solution 1 


Meridional 

thrust 




(b) 


Figure 11.17 Edge ring beam monolithic with tank wall, (a) Thrust not pass- 
ing through ring beam centroid — general case, (b) Shell deformed shape due to 
excessive prestressing. 


niMBramnaiTTIRtarma radial itiRIBlRtiring beam maniHlfrjHJRTHfmi ISISffiUlts 

U eu Li i Li ct eu Liu U 

TBtiTBimitftmtmifTlirinfiBBtamRHIBIBlRta shell beam tJBUtJlfmalRt3IUB 99. 9Hl (b) tilHffi 

UU ct ULfl-OCtU X) 

Bt3RmRB1ffft31BR1HIUMRHia tangential N„ ffiltiSIti rainitU1BtUtilHmBt3RinRB1BTi31B 

vJ su (u ^ t/ EU U U U u vJ 

RBIti meridional Nj. 1 tilth StatU Rt3THianRIBlRt3raRt«aiTR6RUB!tJtllRBntlIinB1WMRt3THit3 

su yd i U ct ] U e» i U 

HBtTTIRHRUnmTRIHHiri service load 1 TUMSTO RB1t3ITURt3TH1i3l3HHBintlIIt3RUnRUiaR P, 

i tn U U eu U i U i * 

IBISTRBTlltilUMHSRlRBHR 

U vJ <ii i ct 
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to Pj = RH1t3t|Unt3[fnmBH P/y 

f r =Ri 3 Tfflt 3 fiJi 3 fiHSmimslRi 3 ra?it 3 

J L l U n 1 m ct 1 

■"» i 

r = mnimntiiinaliJtiiiaiiMMMtii i 

IRBiMRJlfijfitHJTJM f c HISRIHSTO {UtofmUlEllSti 0.2 f' c StiHSttSra 800 psi tsl 
900 psi IS edge ring beam tnBfitHHUJtmn 

IlJWin^nHRlniinHIBUlSnRaimaBIBlRa shell ffiiafiUB springing 1 
IRSpltiraMIlJmpRaiinaialRa dome ring R 


A 


ps 


A 

fpi 


(11.74b) 


to tiiRaTHiaHarmRialRiaiiJRiainiRaTfliaHaintiiBiRuia *i niMBraiRHarRfRiiRnnR 

J pi l U l m ct U 1 U 1 U L JU 

A ps tilfitHWfRfi 101StRH1Bmn[R0Jll^m|Uflt3{?rit3 


_ W COt0 
2 4pe 


(11.74b) 


to W = TJBRITjI BiauaRHItsIMIUiallW dome totltUTICUn w D + w L 
f pe =ipRi3|Rii3pMgmni|rnminniRtJTiRnti 

IRHIBBIRRtjnMHUJUnHIUM dome totfiiRlIuJHjgugW buckling tiBBltittfriH 


Ki 


= a 


<t>PiPc E c 


(11.75) 


to a= Rim M dome shell 


p„ = MBIBRimBlilRRinTiJltmM ultimate ItJUIUIUTltlinuaRItsI BtiTJBRHltil 
= (l 2D + 1 .6L)/ 144 

d> = IHfiimRIRHBmilMMtiNTmUMm'toltiRtiTRitiMtiR - 0.65 

' i *>• i n U r\ i U n 

/?,• =iHR[mRiRuam buckling MiHiuuitHniHwraMitinaiMifiJnranmwrifnriHaw 
Pi =(a/r ; ) 2 . IEjEU^ <1.4a 

p c = tHREUlRlRtiara buckling M|jnu creep, fiJHUrto nonlinearity StiWimftJS 
= 0.44 + 0 . 003 W 7 , UIBH 3 Btili 3 0.53 1 

*-> i n 
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E c = HgtmH9JlMt5l3HIUMrana = 57,000fJfpsi(4J00fJfMPa) 

®9.9o. 

Prestressed Concrete Tanks with Circumferential Tendons 

(wire or strand) tiBltftlJtnBIBIBlRti preload system imp 

lampnapia (tendons) t^nsntanta ymmyrl i muipfjapnammB*itiRapiaiurimiritmn 
tiiRnnfiisImstinriti 1 tun post-tensioning nmTiTRftnBimmnatitTntitiiitiRHmiaiiJnriTSa 

U ct w- A EuJ Lru u ct o ct w Li 

1 1 

umn i tinfiamsniHiQQimsIsamsa tjbirthiu liSmiRmRSRrjmtimtatjiitiRHmistimia 

EUj M-l EU^aLi 1 ct O ct u W- 

ramsitiwrmpntiyfntifnjj t pingMimfiiBtHBtnBipiiJn diaphragm flBpmgmauJnj'iuJfi 
1 1TJ in t3 "jTH t3 ( wrapped-wire prestressing) iijCUtjCTlIilHIilHIijHIS URRlSiuR diaphragm 1 

ItJmiJtiiiairaRaTsnamanaTRitnBrnimiiiJimRTHiMiuRarnimmtiRTHifnmiM aci 

U 1 U Ct Liu U 1 V Liu 

318 luimminiuinninaunti (duct or sheathing) tilHmatiMpi:ilJtlIRmTlIIp8 y grouted 1 
IRpf RlimniJR bonded post-tensioned ItJlKI portland cement grout yQfTU91HSinslRi3 ACI 
318 ItlimiRTRfRlimiRlUiraRaTinaBltilTfiitilHmBa shotcrete cover lijthHISRTHlfdHtJTtJJHI 

Liu Li 1 Li Li u Li eJ 

lin. (25 mm) 1 

SiiuiiRiiMRRRimBitirmaHiBiiiRiinrTMiiJtaRiBaRiiMRiiRimBiinanaHwiiJiiiiaimRa 

O M- 3 Li u Ct \J u U 1 

THiauJimmiiiiJRimRaTHia luimfimHffiiBfRiiTRRriBRTMiHirasiJBRi i imRfmnnmmti 

U ] Li ] Li U Liu U ct Li U 06 Lru 1 Li 

MtimMMMtiiHUTuiiniBlRmuRatirmaiTRimintiiiaRiJTiRuSiimRaTHiamiaHMiMBa 200 psi 

(i.4MPa) RRmjMRnRiuisi iBiincuitSciiHiiamftnBmcicntSEiisInniim i rawsramtimsmu ir 
TR fmRRarinmMMMtmBiBatitTntiiMBa 400 psi(2.mPa) tflniRiRUBmtiinanBiRiuiRiJtii 

Liu 1 U 1 cy 1 \ / o. <iiu 

filHHGJUJUJHBfiBIjlti 200p«IBiBtnm 0.6fRh nBttlBB^finiBlRnf 1 

ni « V * V 1 V 1 


l jTffi9Wfftjtmi3 atitrn/ifiyijniJtmi] 

nRuntunusiaiw itSanSmmaBnM^wRsimTtiiiJBiBlTRtitnRiuMinaimRaTHiana 

U ~o EJ q a Li Li Li j Li 

HCU BtilBltRiS ring beam support MTHinSuanaiRiaRIUlRBflllRimilBRlIHBfR [URMirtMtiRB 

U Li 1 1 U U U 3 ] 61 8 csj l* 

BaitiiRSmiBRiiMRnRHiiBimaHtii i tfiltnn ugniMBBtiniBBiiJiiiBBtiitnBriRiiuiSRRimiTRiH 

vJ u Li U n U 

tURsnnmaiBSHHigRiHsiaiiinM i RnJtiJHtinncinTfiftnsuannntsiRiams titus ©©.tola i 

as m m Liu in xa ct u 
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Note: This detail commonly used for 



i»> ( b ) 



(0 


Ml 



Figure 11.18 Cast-in-place tanks, (a) Monolithic base joint; monolithic and fully 
restrained against translation before and after wire winding, (b) Monolithic base 
joint; hinged with limited restraint against translation during wire winding, and 
monolithic and fully restrained against translation after wire winding, (c) Sepa- 
rated base joint, allows translation, rotation, or both (d) Monolithic dome-wall con- 
nection. (e) Separated dome-wall connection. 
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-v- 

O 

j» i 

o 


steel shims 


Tank wall 


Sealant 

Wall footing 



■ 

// 


c 


// 

- m. 





~V!Z 

Jm 

/ \ 


x r^r 


Sealant 
Wall footing 


grout 


Bearing pads 


Figure 11.19 Wall base joints for precast tanks. 


Low shrinkage mix of concrete, 
shotcrete or grout 



Figure 1 1 .20 Vertical wall joints for precast tanks. 
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Figure 11.21 Typical tank section of a domed preload prestressed concrete 
tank with an inner steel diaphragm. ( Courtesy , Preload Technology, Inc., New 
York.) 
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Figure 1 1 .22 Connections for precast tank roofs. 


99.99. Step-by-Step Procedure for the Design of Circular Prestressed 
Concrete Tanks and Dome Roofs 

larjmtUjti (trial-and adjustment procedure) jjn f tflSUin SI Ed {HI U nl J fd rip 

mmminanaHtiiiuHairaRaTma shell: 

V 1 U 1 U V 

i. nBfdnfdmnsnunmmti rmfis^mramarma iiMMtiiuna smumssTB ifltmmtiinB 

Li Li e? Li i Li Li Li i Li ID 1 Li Li 

JfitnStSlfilJSiUBI 
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2. nniiHMini3Mini:!iJniMnni3HiaHiaHininfe[Tnti^ farmurLTUtn^nf sti p mthiu 

n ri n c* l* • U i 1 U 

i i 

wubireimb i iTuminTiJimni 3 t 3 mrnniimmMTinuHi 3 trimi 3 iiJ[iitim 3 l&iani 3 ini 3 1 

1 ^ Li Li i ot Li m 1 ct 

1 1 

R [lil RRHItf ring ftfifTl F = y{H-y)r MIHIUTSlHlStlliniTlItlini ititlJr tjlfnfnt3 Bi3 y til 

BHimritnm 

«/ 

3. nmnti 99.6 titii 99 . 9 a ifSMffMiHHimHHtiumTnglmHraifiBUBfi atiwfisim 

U 1 u cuJ U s s 

restraint luwtnmiJnraiiintini^mMinBtmitnHrii 


itfcu n = 0.2 M|Hiuranai 

4. RIUlfilHRIIJl membrane C nffinti 99.6 lUlSItitU 99. 9& 1 fitUlSIRHIti ring F = CyHr 1 

5. HimmHHtiumTnrmJtsimalnatitTntJIlJtlllTUIHRim membrane C 1 fJHfnifJTHItjHHti 

V EuJ U ct ct u>- U i U v 

!ti cu u tun cu n u s r an i in r n f r 


u m y = CpH 2 

uJtimnmwriuBREiMB i RimBiHthttalTfititnfi BtiTfitiBBBiTRistSimtinjtnBBHimy ntn?n 

n «*i vt> V Li Li 1 Li c* zs * 

6. iTSMfiMRinaiTURaTHiaumTn 

U m Li 1 Li cvjJ 

7. RnilB1Rl3THiaraRl3RlRR1HRTH1MraMtimii3MTH1UtlIR8[mini3Big SarJTHIUHimnfTl 1 

lUi U W- Li 8 3 U ~o 

IRHBITnRRa|fntiMaRR1HHRJIMMMWHRUim f cv = 200psi tffTIHHiril service load 
wimRtiTRitimrnHfimtn f t =\[f r r tiButticmalRtifl'inti 99.9rih 

8. MRnHUiiBifiJRiraRaTfliauJR salSmmnarmaumTnSmntaTmannjiRHistslRafnria 

Li 1 Li Li i Li tuJ i Li ct 


M y =+-\jJMj{/Jy)+Q 0 £{/]y)] 


SURtUlRRHIlimni ring radial «]R 

cu -o c ’ 



iuim Q y =(F-AQ y ) tt3CUdt[HtJ|HCUtS 




99.9GJ 1 


rntminnimm stifiummtitmtiirmtirmti 

n v v i U / U 
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9. RonsiHHtireticui M u !iJniiTuiHH[muBmiJtii9Tia1ni3!tin 11.7.2 1 HHijnTHfrm = 

U 1 I* Li 1 dj ^Jctct u by n 

M u I (/> to (j> = 0.9 1 mrnmilMMtiHHti nominal to Hits HIS M„ = A ps f ps (d p -all) 
U M„ = A ps f ps (d p - a/2)+A s f y (d-a/2 ) 1 HHijtolTlBtnBM,, |Hi!ni3tili3 UIWBia 

10. Mnjmimmyiiia l raw ring lalinfitnnraMtimitifiMHfni 

l 2 2 CH 2 


to sti h tiinynMiuMRynnitnH i 

ii. HimmmRimiuMiTURiarmaialntitnRiiJtiiTHiitinBltitTntifiraHB 

U i U ct L»u c* ty v n 


to S =l.l(h/t)x(d/tf 12 1 

ISllCIEutorim BltitTffllTJW slab ring IiafiHliawtimtfimntnti radial TRttrim IB18HIH 

Li eu n eu Li eu 

raw s fRftnstoracmsItfi 

Lru uu 


12. TnnnBHTRTHfmiRTHiMtirmaHuraiin stifituisifnntfra radial raspwraBHtomssu 

Uu U Liu u U’ bJ vJ <in v'fc 

(unrestrained initial elastic radial deflection) 



tonmss d n = Htisutatinti 


d = HtinBfifiTintinBti SltiRtt = d„ - 2 L 1 

n is- L ot u 


to E c =57,000fJfpsi(4,100fffMPa) 

t = RTHiMraMMnitirmtiiBlTRto utnnniMtitinti 

CU Li ct » U 1 M ty 

d 


r — — 


2 


fnntflTJ radial Btitynm A f =1.7 A ; - 1 


764 


Prestressed Concrete Circular Storage Tanks and Shell Roof 


IgjifflstfifinwmsmgMntftj] 


Department of Civil Engineering 


13 . y 2 = 1 . 8 frff 
tJ3//.(0.9m) itflffiffiRHffinjmtiEUtitilti 1 tiGRl tPTTfif tnS1tTltt3ntJfnTJ nominal HtJmJHI 

•v* J \ / u v ct i-iy njJ e-J 

laitHtinnatnun 

A, = 0.005f co 

14. itijtitiin9iriigiHi|n*HRnnn w max = 4.ixio~ 6 s ct E ps fT x 

tticu s ct = miHutHnintiinjmtiitimimniialRarana = (a t f p )/E ps 

f p = natmatiimMiaialnaiiJn 
f pi = ipntitmtiiBHHBinwsifiuti 


\ ~ f P / fpi 

I x = grid index = — SlS]tb 
n V A j 

Sy = HtUlRIlJRntiBM “1” 

dh =HtiRBfiIUMUjRig1nla9N “1” 

' A n IS. <=* 

s 2 = RtlTlRlljRRagM “2” 
t h = RfjnMRIimillJRIlJniRRlJtliSRIUMIlJR 
Qtirntsl SSi3Wim|p§HSCTTlRHBuJH1 w max = 0.004m. MynUHIiaMRMlIGlRnf 1 
is. MnnR[mmfiuantiifni3iTmmmnT2MnMrain9R[miaiTRtoiuMtirrnt3iiii3 , i reuir^cu 

\J tj U U U U i 

injmBRHMiuMfiuanaima A'lwtnR d raMfiraiamnHB^j h'id> 1/8 ^ 

R[UlS1RH1l3i|iJfii3|?i1i3 radial RlH9MUjRR|Himi P fdfHIU edge beam nfiJHfnj 


tacu 


Bti 


N e = 


P = — 
t 

w D d 


2sin^ 

f 

N a =-a 


bh u . at \ d ^ N <l> C0S ^L 
—\ N 9 ~ P N e) + ^ 

1 , w r d / . \ 

cos (p — (cos 2 <p) 

1 + cos^ J 4sin^ 


w 


D 


W, 


k 1 + cos^ 2 
h = fiHMfiJJtmiMGH rim 


Z> = 9Si3tiHrim 

ct 

w n = HltifitiwiRlBUBRti'ltljjTJM shell RtiHHJilRRlIti ( UBRItsI) 

LJ 1 rfj dA ct U Cl * «* 

w L = JRtifitiMIfilHMUBRHITsipiffllW 


mtiMfmtmw Saducmmamifmrurtarmti 

n v v I U I U 
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16. FT tin SH H S fTl FT ring-edge beam 


A. = * 


fc 

ttitu p t = nHim^ufTa^grimBH = p/y 
y = fnmffifitiffntitfUfUfUtU 

= fitirmtiMaHHBEmmsIntiiufiti < Hsttrlntiia 0.2 r r > uiBHartifdtiiia 

800-900/75/ TSlfTti edge beam 1 
17. fTMS1[nSJ1^rarj^m|UfTt3{mt3mrjedge beam 

\s=~ 

J si 

ttitu ^RarsnaHBt7Timaina!iJmniRi3TmaHBiritii8rifTuti tt 

1 Lj i rn ct UiUi -v* 

W cot (j) 


A DS — - 
1 2rf 


pe 


TtiMBrainHalmHuJimMTRin ntitTBtitTmm w tiiuBRMiuitsi BtiHiTsiialiwtStrtinti 

U 1 u ct W i U <* 1 V 

tmti ttituuturitunw^ +w L sti /^^i|HRa|fnti|nMgmni[fnmintii8rifTntii 

is. |HnnBSTjn|jnMR|jnwSyi3imi3HujuiHi!iJwtHfrTinBij[gu8tiiBa buckling 


h d = a 


I 1-5 Pu 

MiMc 


tutU a = ffiraru dome shell 


p„ = MmummBlilRmnTUimiM ultimate ttJtUUtUntUntJSRttiJ StiTISfTHttiJ 
= (1.2D + 1.6L)/144 

d> = tHtinomfitJSffitJMrUi3fUTH1TjrUH1J:ttitUJt3Rl3Tffll3rUl3fi = 0.65 

' i i r> U ,n i Li n 

J3j = IHRCUlfTintlBra buckling 
ruTHiummumturaruttiriatSnStuutuntunfnnHstu 

Li Li uy <* e» SI h 

Pi ={a!r^f , tti tU /;■ < 1 Aa 

p c = IHJjnnmsitlBra buckling fUjUFTii creep, fUtflHttitU nonlinearity 
Bi3M1HtTTJ8 = 0.44 + 0.003Wr , mSHSGtjdti 0.53 1 

ct Li Lj 1 ei 
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E c = =51,000fJfpsi(4,100fffMPa) 


JUS 99.1am UtflHin step-by-step flowchart 

V in ~vj ± ^ i u ctvJ 


mtirafitiirafitirmtintiHtu gtitStJiantiimtiJTJWfi i 

1 u 1 U V V 







Figure 1 1 .23 Flowchart for the design of circular prestressed tanks and their flat 
dome roofs. 
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Figure 11.23 Continued 
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C twp ) 


Figure 1 1 .23 Continued 
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99. 9lQ. Design of Circular Prestressed Concrete Water-Retaining Tank and 
Its Domed Roof 

qmtmnfi 00.07: RtlJlRRHIti ring luRHRtJJHI saHHtjumjiHRmtn l&wRjiRtinsiRimfumi 
TsnaiuMtirmiaMTHiuHiaraRaiTURaTsnianaHtii itinjHtiRJuwfi d = i25/t(38.im) stiwRSR 
RHM H = 25 ft(l. 62m) M|tnnWR8[m9^HtnRtiCTTil3gtiRia1: (a) hinged; (b) UtiUinnUtlini. (c) 
CTIR RIimUJJHHJ Sti (d) uauuJimfgn (partially fixed) 1 ttrim WRJ1R1U1S1 ring edge beam 
ra?ii31|iJ Rl3|ml3MUnufiytlini3Ifnt3 (domed roof shell) ttfimfiJSRIjl shell rise -span ratio 
h'/d = 1/8 1 IfU Ifuflytuntitmti flat itiEUHIS shell angle f = 36° ImRfliejll^tiRlfURti 
|?fll3 fd 1JCU R 8 Qdl u R1 Ri3 |R1 13? (wire -wrapped) Sl3nJR8[ldn|pl3^1tIJlt3Rl|iJRl3|R1l3 
(tendon reinforced condi-tion) 1 lR§JSSSffiyGS1i31|jTlH: 
f' c = 5,000psi(34.5MPa ) TOR13S13SRHR1 

f' ci = 3,750psi(25.9MPa) f t = 2\2psi(f)MMPa)<3ff r c 

f c = 0.45/' c = 2,250 psi(l5 .5MPa) 

RtitmtitalHMMtli f cv = 225 psi{\ .55 MPa) 

fpu (wire) = 250,000 /75/(l,724MPrz) 

f pu (stands and tendons) = 250,000 psi(\ ,124 MPa ) 

f pi = 0.7 = 175,000 psi{l, 202 MPa) f ps = 220,000 psi( 1,5 12 MPa) 

w L =15/75/(7 18Pfl) fd^HIURSRfnWlEU dome 

mbr RunRutiiniRiaTRiaMiuiM 26% 

~t> Lj i Li i -'t. Li gj v 

thnmgftmaj: HSRRRsnmsttsttiEuraMtfmiR sRtfocu dome uJimtmiRarRiaraMfiHBnra 

U <0 cS« w V 1 Li 

inifUintUiglBl3R9ntlIIUMRHil3ITURl3TRil3UmT1 1 IRHlSRlJflTi31tIlhlHlRSRtSllChtjmii3 tits 

Li U U c7 tu U l Li fuj Li n W- 1 ) 

ititmiiJimiBlRtiiuB 99.btJ 

in -o c* v 

y = 62.41b / ft 3 {l,000kf / m 3 ) r = ^ = V ^- = 62.5/t(l9.1m) 

fdSRth Rynnitimiia t = 10 in. = 0.83/t(25.4cm) 1 1SIS tHRtlJinti (form factor) 

H 2 _ 25x25 _ 6 
~dt~ 125x0.83 ” 

Bti yHr = 62.4 x 25 x 62.5 = 97,500 lb / ft 

ffVliJttTKU Stiff ffijtfflflf (basic forces and moment) 
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mnti 99. 9^ £3tu 99.139 §TSf basic force Sti basic moment I0lnatjETntiJrH3 1 



Figure 1 1.24 Liquid ring tension F, wall base freely sliding. 


Table 11.19 Maximum Ring Tension F- C(y Hr) Ib/ft Circumference, Example 11.3 


Freely Sliding Wall Base 

Fixed Basa 

Hinged Base 

C-1 

F - 97.500 

Table 11.10 for ~ *6 

at 

C« 0.514 

F “ 0.514 X 97,500 " 50,115 

Table 11.12 for — - 6 

at 

C - 0.643 

F - 0.643 X 97,500 - 62.693 



•50,115^/ 

A 

I 

0.6 * 
-15' 

62,693 — / 

t 

0.7 H 
- 17.5' 

,1 

7k 


/ V 


97,500 

97.500 

97,500 





•Compare with 50,113 lb/ft in the detailed method of Example 11.2. 


Table 11 .20 Vertical Moments M= C(yH 3 ) ft-lb/ft, Example 1 1 .3. Positive (+) = Tension 
in Outside Face 


Freely Sliding Base 


Fixed Wall Base 


Hinged Base 


Table 11.4 


Table 11.6 


My * Mg “ 0 


C - +0.0051 for 0.7 H « 17.5 ft 
C • -0.0187 for I.Otf - 25 ft 
M, - +0.0051 X 62.4I25) 3 
• +4.973 

M, - -0.0187 X 62.4I25) 3 
■ -18.233 



C - +0.0078 for 0.8* - 20 ft 
C-Ofor 1.0*. or full height 
M, - +0.0078 X 62.4 (25)’ 
-+7,605 
4f, - 0 



•This moment value is very close to the value obtained by using the detailed method and the moment functions of 
Table 11.1 and Example 11.1 (M„ = -18,574). 


fnmnntiecu stittuiutmtitmtittmtirmti 

n v V i U i U 


ill 


7’. Chluiy\ 



NPIC 


Table 11.21 Prestressing Effects Using 225-psi Residual Radial Compression, Example 11.3. Ring 
Forces O Ib/ft, Vertical Moments M y ft-lb/ft 
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20 ft nstt: m&iQimmri (Hinged Base) 

iultfflfi trial-and-adjust, P v = 50,000lb / ft(l30kN / m) 1 Wflnu 

RraiMticrnti t = 10m. RtinsiRarmaSQii'mcntslRams gg.lagi 

U w- 1 U V -O c* V 


A 




10,880 x 12 


12(1 0) J 
6 


-►653 psi 


7,605 X 12 
12(1 0) 2 
6 


±456 psi 


_ 50,000 . 

- X - iTTS * ’ 417 P* 


/« - ® + (D 

Max. /, = 236 psi z 3V5,000 
= 212 psi, O K. 


Max. f c = -1,070 psi < 0.45/;, O.K. 

fs = © + © + (D 

Max./ C = -614 psi < 0.45/;, O.K. 


Outside 


Inside 



+456 



-456 


Liquid 


moment 



@ Vertical P/S 


-1,070 



) Tank empty 


'\J +236 



(?) Tank full 


Figure 11.25 Stress at maximum moment, 20 ft trom top, psi. Negative (-) = 
compression, positive (+) = tension. 


miuunnimm stifiunjtmtitmtitmrftirsriti 

n v v / U / U 
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ntiTmtimsiiJHBmmmMtimitiitfmiin&M 1 1 ft 6 in. nsd: mtiutimnmwm (Fully Fixed 

1 U / t+ la n J i n v v v 

Base) 

HHtiltjHISHRtJJHI M v mslTfiti 17 ft 6 in. nBi3RtltimiMtitTntJ 1 lulffi trial and adjustment, 

v cy y u 'J i v u* j ' 

i|unmi3i|URi3|ini3tiinSHumji p v =100,000 / bt ft rnjnsism^8im[ni [e = i.05m(26.7mm)] 1 
nmuHRRimmnaTtnaialRatirmtJiJtiiiSiTiigiRainB 99 .bc) 1 


W = 7,652 x 12 
5 12(10) 2 

6 


-t-459 psi 


M _ 4,973 x 12 
5 12( 10) 2 

6 


±298 psi 


ft _ 100.000 
A c 12 x 10 


-833 psi 


/. = 


fte(c) 

/ 


100,000 X 1.05 
12 ( 10) 2 
6 


+525 psi 


h = © + (D + © 

Max./, = +151 psi < 3V/ = 212, O.K. 

Max. / = -1,817 psi < 0.45/ * -2,250 psi, O.K. 

Z = (Dh-© + (3) + © 

Max. / = -1,519 psi < 0.45/, O.K. 


Outside Inside 



0 Horizontal P/S moment 



-298 


©) Liquid 


moment 


-833 



-833 


) Vertical P/S 





-147 


Figure 11.26 Stresses at maximum positive (+) moment, 17 ft, 6 in. from top, 
psi. Negative (-) = compression, positive (+) = tension. 
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WtmtimnnjWni (Fully Fixed Base) 

ipnmai|URi3|mtitsiRSHumji p v = 100,000/6 (e = i.05 in.) 1 

R[msiRt3|?natslRt3tjnfit3t3t5tJi3initslRi3ras ®®.bri 1 


'•'s 


M -28,056 x 12 


12(10) 2 


— ±1 ,683 psi 


, M -18,233 X 12 

'• - 7 * — ooo ? P " 


U A c 


6 

- 100,000 
12 X 10 


- —833 psi 


, P v e(c) 100,000 x 1.05 _„ e 

f - m — = - n ( i o r - = + 525psi 


ft = (D + (D + © 

Ma x./, = -1,991 psi < 0.45 f e , O.K. 

Max. / = +325 psi at base when tank is empty. 
This stress will rapidly decrease well 
below 3 y/fh within one foot above 
base, hence O.K. 

/•-© + (D + (D + 0 

Max. / * -897 psi < 0.45 /, O.K. 


Outside inside 





Figure 11.27 Stresses at maximum negative (-) moment at wall base, psi. Neg- 
ative (-) = compression, positive (+) = tension. 


mimmnimm stiduwimmmtiirmtirmti 
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fftiffrimufitiffBmffitjcmmrfffiiiwtT: wamnamuptumm (Semisliding Base) 
itfltmfU trial and adjust, ii|Unmm|Unt3[fnt3Q|flUmjJ P v = 20,400/Z?/ ft(291kN / m) 1 tSIS 
HHti semislide M = |(+10.880) = 5,440/i -lb/ ft Eind^Rl3Tffll3iSlRi3tjCTnl3tlt5tJl3iniiSiRi3 
JUS 99. tod 1 


Felt or 
asphalt 



(a) 


, _ M _ 5.440 X 12 . 

u -~s — unor'‘" 326p! ' 


, M +7,605 x 12 JC , . 

A “j — isr” liif| “ 


, _ -r. _ -20.400 ... . 

'■-X'-TTTno*- 1701 ’" 

/« - © + (D 

Max. /. = -496 psi < 0.45/;, O.K. 
Max./, = +156 psi < 3 VTT, O.K. 

/s = ® + (D+.(1) 

Max./ C = -300 psi < 0.45/;, O.K. 
Max./, = -40 psi < 3V7I, O.K. 



-326 


O 


Horizontal P/S moment 


+456 


(?) Liquid moment 


-1701 


(?) Vertical P/S 


-496 


(?) Tank empty 


+326 



-456 


-170 



+ 156 


-40 



-300 




Tank full 


(c) 


Figure 11.28 Stresses at maximum positive (+) moment, psi. (a) Wall base de 
tails, (b) Semislide moment, ft-lb/ft. (c) Concrete stresses, psi. 
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mmtimtftmtgmsIffttiwfitjcrriiJ 

HHti restraint fi M p =M a ( l- S) UJWHthautitfrnmron] (full fixity moment) M a = 
18,233 ft-lb/ft 1IHR[miRH|HfM|jnumiuanilIirai§R S = {t/hf /(dt) 112 1 

ras 9®.tod uiJirnnranasBTgfirmminMRTHitiitnni TUMsramHiwtnuHismuifj 

V in-oWWLjLj L» U Lj U 

h = 10 in. tSIgnfJUfUJ 11.39 Sl3 11.40 

S-~^ L 0 ,0 

(I25x0.83) 1/2 

SU M p = M 0 (l- 5) = 18.233(1-0.1) = 16, Alt) ft- lb t ft 

HHiaBinuiaiiJimtmifTiiuauiflimign = 18 , 233 - 16,410 = 1 , 823/? -ib/ft 1 nrjufru 11.37 

MfUlUSSti base ring L 

2 _ 2 CH 2 

J—j — 

1 + 5 



Figure 11.29 Deformed shape of base slab, (a) Wall base, (b) Deformed sec- 
tion. 


tiUfp Hfnnti 99.6, tuutui membrane tSl{UUmUfJ{HlU form factor H 2 /dt = 6 U 


C = -0.0187 

tiujss imams 

V 

+ = 2x0.0187(25) 2 =2125 
1 + 0.1 

L = 4.61 ft = 4 ft! \in. 


mtuurmimm stifiunjtmtitutftitmrftirsriti 

n v v / U / U 
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tiBiBs loggia ring slab base l = 4ft9in.(\45cm) i ttfimfmr M|jnuinaiiJtmnaHaHSHn s 
HlBHtHRBinfi im*thrmammtiUMTtnU fully fixed Sti partially fixed wall bases MtilRtitifil 

nj y u n u J 1 J y ct 


tJBfmuiairnraMflin/Tmrmm i 

V i/l -o U 

nfdHfnj n.47 sti n.48. mmm R raMiranarmaialnatnmiJwTniitingltirma 

U ] U ct L ly Oi UJ- 

= 100/5! tuCU 




titslSS 


5j =1.1 
100 


2 


= 1.1 


R = 


13.5 


\t J\t J 

= 7.4% 


O0^ 

vlOy 


125 

0.38 


V/2 


= 13.50% 


IflnjmBamtsiiRHiBmHUBmiraRarmaHimmHTHffTiiMTHiutitTniatnBuaB uJimH'iifunBtnB 

U i U Uy U uy n 

naimiaMansjri base ring i 


mjittanmtilfinjSiitjptttiisriii 

mutfufftiitnintin: 

nusui wire tJBmiBHTitirmaHtll tutu wire HlBnnnnlTUTTinilBlna band itiEUHISRHfd 

U y ct e*J i w- y U Uu ct n 

ntu5/i snHfiHfiimia i lalffianmn tirmiainiaiHtiniJimitiM iHTnftfinnnnflHtiTmtniBlnia band 

J n ct t y Lry e 4 ct 

snanmHiRutimBlTRtitnn titmtfirmslmaras 99.010 1 

U 1 U y in -o ct y 

wire pitch tfURHfjnJfdfflti IfifnJtBfniHUJlBI rin § thrust ^ 
Q y iBi|niatnnitiM band sHtiio uiBHigjn 1 till ton imtiBmjjflmmiRimBigtn BiamjraiaiBfi 
wire nilRHBIUmm* 1 

V u i n-n 


nfnnti 99.109 rdjTnumtlil fixed wall base RHIilHBtJJHI Q l5 =77,115/6/ ft 1 ytatSS 


rmROJjt31t3m|Unt3]tnt3 250-Kwire 0.192m.(4.88mm) ISlSltlJtitnS A ps =0.0289 in. 2 

Bi3 f pi = 0.7 f pu =0.7x250,000 = 175, 000 psi{l,207 MPa) 1 

MSRRlJTlRUi3t]pRi3]fni3 26% fd|H1U elastic shortening, seating, creep, shrinkage Si3 


steel relaxation 1 1SIS 


f pe = 0.74 x 175,000 = 1 29,500 psi(S93MPa) 

A„, = 77,115 = 0.60m. 2 MTH1UfiHflftj£Tnia 1 ft 
p 129,500 L 

QSS wire Rr3 band 5 ft = ^'^ x5 = 104 
” 7 0.0289 
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Figure 1 1 .30 Horizontal-prestress wire distribution bands. 

titttSS IfU wire 104 ISlRti wall band 5 ft 15 ft 1 

mimmnRTinM shotcrete 2 in. iBHTmimi wire Htifitta 0.192m. 1 

Lj E*J r~l If- 

TUMBIUinaiaiTURaTmatilHmaa 7-wire strand tendon 250-K 1/2 in. ISIS 

U U i Li i) n is. 

A m =0.144 in? I strand t'mtUGSS strand UJniTRimiRti band RHM 5 ft R 0.6x5/0.144 ^ 20 1 

pS X) Lru ct n 

mmfuntiftnimmjj 

RmtiipRtitmtiUmjl P v = lOO, OOOlb / ft(l, 459 N/m) e = 1.05m.(26.7mm) tsl 

ItiBltilTRl 1 tftHSS NlRtmti 7-wire 250K strand l/2m.(l2.7mm) 1 IffitiSSEUtilS 

A n =0.144 

f pu = 250,000 psi(\J24MPa ) 

fpi = 0.7 f pu = 0.7 x 250,000 = 175, 000ps{l, 207 MPa) 

MBRRUnRI|TIRa|maMin 26% 11S1S f pe = 0.74 X 1 75,000 = 1 29,5000 psi(889MPa ) , A ps R 
JffTlIRti l/t = 100, 000/ 129, 500 = 0.772m. 2 (4.98cm 2 ) IuimBBBR 1 UI|RRtitRil 3 Um]ina l/t = 
0.772/0.144 = 5.36 1 t 3 GtS§ ITU 7-wire 250-K strand MBr 1/2 in. MTHimniRi 3 TRli 3 ntnTI 

V Li n If. Li Li 1 Li EuJ 

ItJlffiHlSFitUlR 2.25 i/i.RRRHRJIB1hRJ = 0.769m. 2 = 0.772 O.K. 1 

mtcmttmutadeid afamtu m/ihSemtimiJ 

Uu U / n v U t* 

HRina 99.109, HHtiumTIHRUItnMTHIUtirmtitnRUaUR M = 28,056ft -lb/ ft U in. -lb / in. 1 

V euJ U n ° •' -v* 

titstBs tmiatns 

v 


mttMfmtmm Sa^ucmminmatranartria 

n v v / U / U 
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S.F. = 1.3 


(tjUTlSS EctS flowchart) 


M u = 1.3 x 28,056 = 36,473m. - lb / in. 

M„=^ = 36,473 = 40,525m. - lb / in. 


0.9 0.9 


d = — + 1.05 = 6.05m.(l5.37cm) 

0 144 9 

A„, = = 0.064m. / 99tJ 1 in. 

ps 2.25 


a = 


A nsf , 


psJ ps 


0.064x220,000 


0.85 f' c b 0.85x5,000x1 


= 3.31m. 


HHaiflnimtimB m„ = A p j ps 


d- 


r 


= 0.064x220,000 


6.05- 


3.31 


V 


= 61,882 in. -lb! in. » fTlJ M n =40,525 in. -lb /in. 


O.K. 


miMnnHimmtimitiTRiTnHriBHTfTiriiJimiJtiiHiBntnriuiBlRiafiuTiB cJ is flowchart i luim ir 

O ty L»u Uu eJ U ct 

rniinminimn anchor steel TBiTHtitnninMtitTnti RfltsgiriwiHiragHnunn w max tslRatjunB d 

L»u c U iy v ct U 1 1 IclA ot 

13 flowchart 1 BtiltRlGJUlifi tRRfiaSIJfigCltlJMSItUjfntl Sfl creep lSHjSij{JflRtiTjltfitfifRlI tt]R 

!3HsnuiBHriit3iiJmTURi3TsnauHH i 

''fe o. U | U M 

A 

fit fiptflUlffl roof dome prestressed edge ring beam 

Iftf rise-span ratio h'/d = 1/8 1 luim !^MnM9|HlMllBl|HtiBaRnwraMtimil3ina itflffilfU 
neoprene pad niftTlH edge ring beam 1 1318 Shell 99.019 Stt 

99.91b 1 

ifrlffifdli d = 125 ft , h' = 125/8 = 15. 63/t(4.76m) 1 tuim ttfimwil ^ = 36° Rtstiltt 
5 1°49’ ISIS shell 91tiHHJItiRtiTflltiWiafi ItlimTfifRllffiUjRgUMRIinfliri (temperature rein- 
forcement) UUUTI° 1 

l run 

R1JUM shell R 

a = 0,2 = - 62 ^- = 106/t(32.3m) 
sin^ 0.588 v 7 

nfdHfTU 11.75, R|Hlfj shell HUjUrtTIluHjgUStlisfl buckling R 


h =a L5P “ 

V 4>PiPc E c 
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Figure 11.31 Tank dome shell roof, (a) Geometry of dome, (b) Edge ring beam, 
(c) Equivalent ring beam. 



Figure 11.32 Dome prestressed ring beam support detail in Example 11.3. 


titnSS MSfitil t = 3.0m. IffititflS 


P„ = 1.2D + 1.6L = 1.2 


12 


xl50 


1.6x15 = 69 Ib/fr 


(j) = 0.65 



p c =0.44 + 0.003x15 = 0.49 <0.53 KJfi /? c =0.49 


E c =57,00075,000 = 4.03-1 0 6 psi 


n v V 1 U 1 U 
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ntjnMHUjuitn h = a 


!-5 p b 


= 106. 


1.5x69 


\</>j3iJ3 c E c ]l 0.65x0.51x0.49x4.03-10 f 
= 1.33in.(3.4cm)<3in. O.K. 

gtsiSS HJRRfjnW shell t = 3in{l.6mm) 1 1SIS sin <j) = sin 36° = 0.59 , cos^ = cos36° =0.81 
SH a = R1tMJ= 106 ft <1 

nrJHfTlJ 11.70, RH113 tangential RtiaRRITtllitiJTJMfimR 

m G c* n U a 


N a = 


W D d 

2sin^ 


1 

2 + cos (j) 


37.5x125 


2x0.59 


1 


1 + 0.81 


-COS (/) 


-0.81 


W,d i „ ,x 
-^-( co s2^) 
4sin^ 

15x125 


4x0.59 


(0.31) 


= -1,269 lb /ft 

nMHfTlJ 11.67. RBIti meridional RtiHmilfiH'lTTjlitimMfim tilHffiSti a = 106 ft R 

tu c* w ci Li aw J 


Na = -a 


w 


D 


W T 


1 + COS^ 
= -106 


vii - tus ifj z, y 

r 31.5 15' ^ 


18.1 


7 


= -2,99llb/ft(43.6kN/m) 
nrjBfru 11.72, mnaininiarma radial lainaring beam tarRimnBmuiSnfimBTBij 

nj U 1 U ct *+’ Uu e-J n v Li 

fSlffiTRlRltjIHffiSia shell rim R 

Li L»u ct w 

lBl5R[mR|R9pltiH8mR bh IBM ring beam, IjjJ P = {d!2\N^ cos^)M|HnumitmR[UjaiWR9 

9, itfimwiiRg® lUMMHrrmnaRtHRBtiiaRiHMraiuM p 10% nHtijmmtunmStiJsi^THis 

w SU V SU 1 iJ 

fjBfnj n.62) i tmasstutna 

w 

fKcos,)=f 

i^mimainBRtJTiRutii|TiRa|ma 26 % tsnstmiatns 


P = 4 cos 2,99 1 X 0.8 1) = -15 1,149/6 / ft 


3t3 


y = 1-0.26 = 0.74 
151,419 


P: = 


0.74 


= 204,620/6/ ft 


ijp Ri3|RiaMaRraRaHRuim f c = 800psi(5.52MPa) 
edge beam BISRiHHUjUJHI ltPffilimiji§§jHlSfll3|?fll3BtSlRa shell rim 1 
|R9J1ltiH8R1RRtHfRimiM ring beam IfURtitHItifi 


. „ P 204,620 t 

A,. = bh = — = = 256 in." 


fc 


800 
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firiRfUTti b = ]4in. Sti h = 20 in. 1 ISIS A r = 280 in. 2 1 mardHTTl? 11.72 IffiUtilS 

&J L d cl 


P = 


280 

3.0 


- ^-x 1,269 -0.2(- 2,991) 


1 

— (- 2,991x0.81) 


= -5,217 - 151,419 = -156,636 lb/ ft 
Pi = ' 5 ^ 36 = 2 1 1,67 1/6(7 1 IkN) 


moiRHS 

1 


fpi=0.1f P u= 175,000^/ 


' PI 

A ps =-3- 
J pi 


175,000 


(7.56cm 2 ) 


rmntuja 7-wire 250K strand l/2m.(l2.7mm) IffitiSSEUtilS 

9 

A nc / strand = 0. 144m.“ 

- o . 1.21 

lUimBBBITJM strand = = 8.4 

" 0.144 

raMBrantmmrafititmtintfHa 26% usqusq imnBmn strand ass 9 1 t^mss tm 7-wire 

U UiU n ei u v U 

strand l/2/ra.BBB9 edge ring beam 1 


TtfttnattTntJTtntjmtftiiBlttti&smmfms&iri t = 3 in. mai shell rim 

Uij eJ i U / c*/ L/c* 

1 

RHlUfdttfi meridianal = -2, 9911b/ ft f c = 2,991/(12x3) = S3psi thlUTlS 

SljtSSfnTPTTjTPnS 1 miWHHClBTHJTJM edge ring beam Bi3SuantiIfTU3THftnBUUUTlIBiRi3IUg 
®®.mb 1 BH/ntjl ring beam neoprene pad ititUHUj^jIUHtUtilS 1 muitll Sl3 H8 

mnnnuMinaiTTiRaTinanaHtii tiiHraSuanaimarnitnauiiuniBinaiuB 99. mem 

V U 1 U V V V L» U in -o C* v 


Vtnt Dome 



Figure 1 1 .33 Typical elevation and section of a domed prestressed concrete cir- 
cular tank. 


mtmmntmm SaSucmminmatranarma 

n v v i U i U 
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tfriung 

99.9. ‘ctJiiTfmragsiuijnli 99. cn njwBiuHtiflSnHitiBfiii^ti i20/t(36.6m) BtiRHMBmwati 
30ft(9. bn) 1 MBntslRimHUtil|pfJl3|mi3MIUR 20% St3t|TJ rise-span ratio h’/d = 1/10 Mjjnu 

fiuaima iflimMantsiHfiutimnmiinniR ^ = 45° i 

99 . 13 . d = 85ft(26m) l!?iffiHTSfi3RSRuCURHfj 

i U i Li y n v. <=* J \ / d n 

i i 

H = 22/f(6.7m) 1 RIUIH ring force mHBWltifiHflUItn BtiHHijumjl ItfimwnfffiimBlUJmtU 
Ri3Tsntimi39MiiJn aasMurriTn fltsm MnnnnjiBifiuaimaMTinuinaiiJiraMaH rise-span 
ratio h'/d = 1/8 ttlimHSynjmfifitUTltlJ 0 = 30° 1 ^g]tiJltUrJ[H1tj (a) SftJfdSIR (b) S[HOtiU 
(c) tnntirmtimw aaMnnnnjiaiiiJmraRaTmaMTHiutiinsiiniiJnfiin aaiamnina 

UV O Li i Li Li 8 a a Lii 

[mti i m§j: 

f' c = 6,000 psi(4l.4MPa) , ITJHlSBHBBHm 

/’ d = 4,250 psi(29.3MPa) 

f t < 3ff\ = 230/? .si (l .59 MPa) 

f c = 0.45/’ c = 2,700/?s7 (l 8 ,6MPa) 

f cv = 250 psi{i .12MPa) fititmiawamtiroiBlMtij 

f pu Eli ]m U ffl U t \U n 13 fSTl (wire) BtiltimtURtifinti (strand U tendon) 

= 250,000 psi(l,724MPa) 
f p . = 0.1 f pu =175, 000 psi(l, 201 MPa) 

HitiniawinuBfijfitiJ w L = 20ib/ ft 2 (985Pa) 

ifliraMBRnunnutiiTURi3Tmi3Miu 20% 1 

v^> Li 1 Li 1 
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XII. AASTHO St3 LRFD 

O n i n 

LRFD and Standard AASTHO Design of Concrete Bridges 


@13.9. t&JBmtk: MfRfnti sfcigsmiR 

n n 1 ^ in 

Introduction: Safety and Reliability 


ytstnSUjunUtSlRtifiljISn^ 4.10.1. Load -resistance factor design method (LRFD) til 

^BHmitiroromroBBRBR MtHiufimRtHfTiiMnnnnjimiiJimiTuiHHimiiJwnDniSratntiwiH 1 

u i n U su U 1 Lru 

itiimiSmia 

1 1 

nmSlniMMtiBUBtiictiiauBmHHim uHHmHRtin 1 

tJ 1 n 1 -na v 1 

ms ®b.® (a) au (b) RtisiBlntiiuB cLmS tatinn d uaicTinSnrmmsmnuamn 

v x ' v ct v v in nj u u 

frequency tilBltiimiBTRCimiBUBRtjimMti WBtilJMMij R tjlHHJBtifitHHBTH (mean) R 1 

1 J vJct<* n in u cu eJ v 

ms ®b.® (c) uiJirnnrnraRBWtniBrriiraaiBRBiijrii luimisnrntJBitjriifTiHtnTnSBniiB c i 

v in nj v v ^ O ctUi 

iRHiBintitsiiTfitotrisinB roftifnci saHiBsnBRtns mSsrausn w MniBlBUJiaaBHiiB 

U «J n i<^ 1 n U dA c i 

rumnc iBliwistifnaiiMMin tiBiHRJcn ifiiniatsiiTfitoufiBtitflR raSsrausmsIinHsnfnti 

U o O ] n d* -o U U in U d* \J 

HMMtiMmBintiitiBR iBinaiuB ®b.® (c) i tumbiu b tiirdsrdisrjJBfnn tsis 

ir><^ Gt dn 1) c* V U ' dA \A 1 


P = 


R-W 


1 


( 12 . 1 ) 


°R +(7 W 


t titlJ a* SHcr w til standard deviation SiltJSR njtifll 1 

mjuBtuBmtiHaRii3lntiMHrm4.29 (tinn d) RromromnsromfiMHiimfiti/? sti 

u * u a a y ict eJ 

w itiroriBmunBfrommnMtiRB i 

V 8 a iz 

tiBtBi BBRBniBmnBmiraMir^auflitironiRuitiimMfRfTinTHftnBrauTRattiimfTiiri- 

V in o U U in U i Lm Li U 

BmunifltiBB1RBBl3UBR BanMMtiltiltmTtflHRUilUBR BtilHfiimtlMMtilBlntiRIIMRnfiimBl 1 

in Li j d* i i n ■=* tJ 

1 11 

IS LRFD rani AASTHO H 1 BU[mtiHfii 8 TBBlRBBmfltiHBR atiUMMli SfMBfTlJ 

euJ d* i n v 

hJTHIURUlQTSarSItll SiJUBfi BtilHfiimiJMMlaiRfiTHi d> rUHfinJlUMMljftiroinJttiim ACI 318 1 

U n U U d* i in Liv T 1 in U 

iHRim <j> rani lrfd [Rftnsuaicrisintamna ®b.® (a) i 

mntsisssauaimnmnmrtnfjrdHrrinurj lrfd itirotnBromrn: 8 MRiRMHmiiuM 

standard aastho sta aci 318 1 immfiiHfTintitutns^mslRiiSnR cn. d si 3 £ BtiiRirornmn 

1 

inMfiRTRitnBmRHRHaiR i tiBiBiBMtR BiflMRiaamrorilraTtnMMHmBitilBiraiiaTMro i 

Lru 1 n V O c? U Li U 1) 
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Frequency (%) Frequency (%) 




NPIC 



Load, U 
(b) 



Load, U 

(c) 

Figure 12.1 Frequency Distribution of Load vs. Resistance 
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Table 12.1(a) LRFD Resistance Factors 4> 



4> 

Flexure and tension of reinforced concrete 

0.90 

Flexure and tension in prestressed concrete 

1.00 

Shear and torsion: 


normal density concrete 

0.90 

low-density concrete 

0.70 

Axial compression with spirals of ties 

0.75 

Bearing on concrete 

0.70 

Compression in strut and tie models 

0.70 

Compression in anchorage zones: 


normal density concrete 

0.80 

low-density concrete 

0.65 

Tension in steel in anchorage zones 

1.00 

For partially prestressed components in flexure with or without tension, 
where PPR * A l J py l(A ps f p) . + AJ y ) 

0.90 + 0.10(PPR) 


9la.la. fUfifm:mBmgWtSUSmt3tDSraM LRFD Sti AASTHO Standard (LFD) 
AASTHO Standard (LFD) and LRFD Truck Load Specification 

miMnnn[mmriHi3RraHi3iTTiRi3Tsni3iuMwiaTHftnBiSifffi3iilimitniriiBiiTiH aastho 

vJ n 1 U 1 U n LfU cr vJ 

(American Association of Highway and Transportation Officials) 1 

tgnSTtitEH (superstructure) JtlfjfmS (traffic lane) SDUSRffili) 

nflllStlJm§TH1Snl3Tffll3HBuJH1ISint3Ht3mT^l3Ua t l 

‘J i U ctnUUin 

mnJlRUBRHItinalltiltmBTHiHIB standard truck TJ lane load itiWMHHUJIBlBti truck 

& n Uu v 

trains 1 M|H1UWlBItslgi3 (railway bridge), AREA (American 

Railway Engineering Association) 1 frlSiSl R[Hfmird]]mUR[lTRrdH1H1{RH8mm^t3Umurj 

i 

HfcifiSTHtTGS HSJflfnHUg^lS ACI SiJ PC1 1 

n U Li in a 


9b.l3.9. USO (Load) 

i 

mitfimiSR highway HISGtimfitsIFitJStflS (Jt5: H20, H15, Hs20 Sil HS15 1 fflltflRUBfi 
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HS15 mwBti 75%tsfnjuifitJSR HS20 1 TUMBiuinafTiiiJiRuamtiianRinias iRTRitBRiiiR 

& Lj & \J Li Liu c* 

mufSHSMTUlU standard truck SU land load taTflfmmHWnimiMH'lH’lTfi 1 IRWRIIRnJIBI 

LifJ is Li Liu ct a Li \J 

rms Highway wyuiumifrmusR HS20-44 ymjEJinusmStiJHistRiJtitus (axles) njjtituuis 
unrmnui 14/r raitu axle sheusuisshs 24,ooo/z? iiftmiRTRfiJiRnBRtmtiiiimBHTggtiitnB 

JUS ©ta.ta UUimnUSR standard H Truck UJltUJUS 9fe.Cn UttlCTinUSfi standard HS 

U in-o<* U in-odj 

truck tfiHmatiRtmfiRiMTsmB BtiRIJlUtitBRUBR 1 JUS 9b.fi UUimn lane load fdUHCUfdTUlU 

u Cl <i J U LTl^J u U 

H 20-44, HS 20-44, H 15-44 SU HS 15-44 1 JUS 9b.fi 

u 

uiJimnTunBRrmwimBitiii35!finnRiTutii scsl i 

m m u cs» Li nvJ U u 


(i) RgClfUgSts (impact): USUtsCUU (movable load) SIHSIJSlmJHSnjlUJTinsSu JtiEUtfltljR 

HtmUMUBRHltsJ 1 IRITlBRimRfltnBSnH standard AASTHO (LFD) 

I = — — — < 30% (12.2) 

L + 125 


CtfCU I = fUUJffifiSnCUsSu (impact fraction) 


l = tji!ii3RRtii/ect JUfduitihmsjwUJtlnjmjtlifiusmf^juisRUyfiUuuujui 


IBlRtiHtifltBl* 1 

ct n 

Clearance and 
load lane width 


lO'-O' 



H 15-44 6.000 LBS. 24.000 LBS. T- 0' 6 -0' 2 -0' 



14-0' 


5 

W ■ Total weight of 

5 

03 

© 

truck and load 

O 



Figure 12.2 Wheel loads and geometry for H trucks 
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HS 20-44 
HS 15-44 



Clearance and 



W - Combined weight on the first two axles which is the same 
as for the corresponding H <M) truck. 

V « Variable spacing - 14 feet to 30 feet inclusive. Spacing to be 
used is that which produces maximum stresses. 


Figure 12.3 Wheel loads and geometry for HS trucks 


I 


Concentrated load - J'SS S' !° r m ° m8nl * 
26,000 lbs for shear 


Uniform load 640 LBS. per linear foot of load lane 




H 20-44 Loading 
HS20-44 Loading 


Concentrated load - 

X 


13.500 lbs for moment* 

19.500 lbs for shear 


m 


Uniform load 480 lbs per linear foot of load lane 




H 15-44 Loading 
HS1 5-44 Loading 


Figure 12.4 Equivalent lane loading for H and HS trucks 
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SUPPORTING 

COMPONENTS 

TYPE OF DECK 

TYPICAL CROSS-SECTION 

Closed Steel or Precast 
Concrete Boxes 

Cast-in-place concrete 
slab 

! J 


□ 

IGJ i_ 

(b) 


Open Steel or Precast 
Concrete Boxes 

Cast-in-place concrete 
slab, precast concrete 
deck slab 

fl ! J 



r hj u 

(C) 


Precast Solid, Voided or 
Cellular Concrete Boxes 
with Shear Keys 

Cast-in-place concrete 
overlay 

[l ! J 



IUL 

) o o o 


(1 

1) 

Precast Solid, Voided or 
Cellular Concrete Box 
with Shear Keys and with 
or without Transverse 
Post-Tensioning 

Integral concrete 

JL_ 

>n 

1 II 

II 1 

□□4 

tensic 

(9) 

Precast Concrete 
Channel Sections with 
Shear Keys 

Cast-in-place concrete 
overlay 

n , ; 


rrnriirir - ! 

<h> 

Precast Concrete Double 
Tee Section with Shear 
Keys and with or without 
Transverse Post- 
Tensioning 

Integral concrete 

n. a . 

St 

n 

TTnnnnnnr 4 

tensio 

(i) 

Precast Concrete Tee 
Section with Shear Keys 
and with or without 
Transverse Post- 
Tensioning 

Integral concrete 

n -ft— 

St 

n 

T1 2PTF 4 

(j) tensio 

Precast Concrete 1 or 
Bulb-Tee Sections 

Cast-in-place concrete, 
precast concrete 



If IT FT 

(k) 


Figure 12.5 Cross sections of Typical Bridge Deck Structures (Ref. 12.1 1) 
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tUtftitflRTJBRL WflnUHtifiBBia (transverse member) ut5tjlGHn)tfltU (floor beam) til 
(ii) fitntisntfg&jmtunm (Longitudinal Forces): IRTfiftftRBiRtritiRlHUIIlflimiWBti 5% 

cu Cl ° Lm v cu n ^ 

iBUBmutsiiBltRu lane mtiHMiiJtiiTBtintiiimRaBMiiJIiJtim i ttiusR tticuRisRsncu 

d* Li Li c* y c* dn dn ©7 

sat5TfTfmstURtin:E3i5Sit3tTmH: 

m L»u a v Li 

land load + TJSRQG1U1Q TKftn3lJimBltW?nil3tmt3njntSmtItSsiRl3T8nl3HfiUIH1 1 

i U v c? eJ n i Li 

usrg Qtifiij sausRnTtJimTRJtnsnQirnjnnraimiSimssa 10 ft isliwisniJtii 

IRtilBlBiaHRJITJM land 1 1fiHBHBtUTjBHBIUM longitudinal force H1SSR113 

6 ft 


iRHBimHmrnmnuBtmaiintii traffic lane tiiiraaTfiftnBtfimjBRRtiinnjtiiHHJRi tiGisI 

1 e~l 1 Li Liu dn c* U c* V 

RtiiltiR (iv) 8im|fTlH 1 

(iii) RB1titnR§Rtt3R (Centrifugal Horizontal Force): RmtilBMRfinBWBimtiHTjmBIBl 
inSsnma i innnjiRfitiifTiRimiuMUBRHitsi ttiimRisRsncusBti tiBBiaiTRiu: 

O dn va> ©7 PI V Ll 

C = 0.001 17S 2 D= 6-685 (12.3) 

R 

itiEU C = RHiatJlRSRRRtilfnRimiUMUaRHItsIIlJtllRlHfiBntllBSti 

nj is- <ii -'*» o7 pi 

i 

S = ItlljjBRnilBl (design speed) RRtil miles RtiHHJttnti 

d = thtmuwm[initi 

r = mrarjisjimti RRtii ft 

(iv) R1IR1RUSmmtiRi3MtRUBR (Reduction in Load Intensity): IBlintll!lJtlIRl3|fnaHR- 
UIHITRftnBUlSRIBTiaiflimRlIlJlRnBRIBllW traffic lanes tilllBBRtilElWtilHHJRl IRTRf 

Lry n vJ tii Li c* u c* Lry 

1 1 

iRR1JR1RtJStfJH1i3Ri3WiRtJSRuQ81r3iTR1H: 

c* 1 til V L| 



RIRJtlJ 

Htfl UHJ lane 

u 

100 

tl lane 

90 

US lane UtTQStjH3tS8 

w U 

75 
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9l3.Ia.la. rnjraatBRusfifiiatsitEURTffifiJfms: njRtmrmBmgMMiiitJii aastho 

a u n e » n 

Wheel Load Distribution on Bridge Decks: Standard AASHTO 
Specifications (LFD) 

(i) fiBItifflR (Shear): HSHIBR'llftJtilBRTJBRRlj (wheel load) RlHBMUinmmMtjnU wheel 
load u axle load tsisititaia tsitncuPTEinsinHntifnpimtatsti garaHRHiBintiBHgBtJ 

"VA 1 £U 1 U wt ct ct 

(transverse beam) UgHUltUTltlJ (longitudinal beam) 1 


(ii) HHijflRUttilh: BHUUUTUU (Bending moment: longitudinal beam) 

RamiHniimHHtiniaiaiBina longitudinal beam U stringer IRHBHBETnfilljinBfni 
nTUimnBRRtifnHBMuinjntmai MTtnuHamuRaiTnnartna namim stringer siana 
HHlanHUBmntsIMTtnn stringer BHm9TRftnBn[mRUJimHBiHBI[inmg wheel load 

V Li G U Lru 1 Cl 

tslttu stringer flB8iai|fTlH 



Bridge designed for one 
traffic lane 

Bridge designed for two 
or more traffic lanes 

Prestressed concrete girders 

S/7.0 

S/5.5 


if S > 6 ft.* 

if S > 10.* 

Non-attached Concrete Box girders 

S/8.0 

S/7.0 


if S> 12 ft.* 

if S> 16 ft.* 


•If S exceeds denominator, the load on the beam should be the reaction of the wheel loads assuming the floor- 
ing between beams to act as a simple beam. 

S = spacing of floor beams in feet. 


(iii) Side by Side Precast Beams in Multi-Beam Decks 

finsnUIGH (multi-beam bridge) TflftnBtmtJMtilBTatilHmaaBHtURairmH tltmrafiti 

n ] Ct ' ' l_jy vj %} ct 1 -VJt Ct 1 

imni3Tfnt3BifiTrmmSchE^mmjpni;msfH t i nsifitn interaction) ifiaBHTRitnBniSmaTa 
tJjltll continuous longitudinal shear key transverse tie lutUHItni) 

uHsrmmmiTfria titstfiugiti itniitin ummmmiTfna uRHiBntntmHmBBitiiaiBfR i 

"va U l U jj y vJ "'A U i Li -vi U OU 

IRtRfmi Full -depth rigid end diaphragm l3l§B1B1R1in^mngR9jWM|Hin|HIunti 
channel, single-stemmed tee beam Si3 multi -stemmed tee beam 1 

naniinimRHHiariRuitiiaiginaMiBiuRariuiBHBiRTtmu (lURtiinnH mruna 

ct tj n ot n l i a Li i -vi Li i 

TR113) IRMBRtslHBinBfninTUimUBRRtiRlHBMtminitmBI HHtinRUUJiaUBRHItsI 

Uva. Li n TJ n & 

MTH1UH3fTlRBHm9TRftnBn[inRIlJimHBfRB![mRt3 wheel load ( SliSHS BtitTRim) 

Li 1 u Lru 1 Cl 1 Li 
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s 


Load Frcation = — 

D 

tticu s = 99tiiuMHant5mtjmn 

D = (5.75- 0.5N l )+ 0.7 A L (l-0.2C) 2 ISlintUltiHJ C< 5 

D = (5.15 - 0.5N l ) islintuta C > 5 
N r - GSS traffic lane 


c = k(w/l ) 

ttitij w = BBiamiaHniraMimBiiJnifiMiRaiBlBaiHmiimm 

V n n 

L = IpfiaiWiailJWftMLMUIBlBaiHmnjnm 1 MUnmmiJtllinB end diaphragm 


Ijimbiurihium V777 tiiSitj 5.0 min^iimuBRtRftnBRimmiJimiiBSiiJwMtRntiia 

utstil Articulated Plate Theory U Grillage Analysis *1 

ifltii / = HHiistsEUfrin 


n = titinnjuniMiaiuMiR 

MfjntnSiiJwfnninMtRn inniuiRRiHiuM/ nfimitjjwHRiisraitrnH 

MimuGtjmtmanttiwtpafpturii}, gvnnjjc, jjtsTee 


tmu BaiSaiuMHSfnKiiJtmnBiSa uHsmRHRiic TRftnBRRtjiBiRtrijBRirnimtfiB 

su 1 "vi 1 O Lru 1 m 1 

1 

iihmiBTRiiJniRtHraMfiTRftnBURumtiiRiiBHTHimBi j 1 otufitii MnnuBHBRiR'iim 

vJ m Lry v 15L ct eJ Li c* ] 

uJnjtnBTtmmtiHUJ rihitjm j HiBRR^RtHraimRTUiinnni^miraMHfniBiiaiiii 

Li V m su Li Li Li 

MIjnuHsmRBRifmm BtiitfimHBRRjuitiTiti 1 


BlRlBlBtiRIBti mR|u!ii3Bim* end diaphragms 
K = [(l + ju)ll J] 112 


J = itiJJHtU Saint -Venant 



2 ttf(b-t) 2 (d -t/) 2 
bt + dt ^ — t — t j 
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ttitu b = sstifjrarafjfUHU 
d = RHWMimUWTUHU 

n i U 

t = R|jnMraM|9Bami3Maii3 
t f = npiMiuMMinmtjrii 

raHSMSRtrifiiitJsianjHisRTHifjtMm luimimraRTHiMraMtmmnHraiB i asm 

U Cl ”* HI Li ct Li Lj nj u D c* 

M]]tnu[gsl3 1 




Bridge type 

Beam Type 

K 


Multi-beam 

Non-voided rectangular beams 

0.7 



Rectangular beams with circular voids 

0.8 



Box section beams 

1.0 



Channel, single- and multi-stemmed tee beams 

2.2 



(iv) Rl3{fnt3tSlgi3RJRi3 (Stresses in Concrete) 

man i : usRBiim&hifimjHumtijgimraRmRiti ( d + l + p / s > 

<st v » Li | U 

i v 

f c =0.6 f' c 

f t =6^T c 

RinSn: tjuRtiffnii + usmtiimtiHM ( d + p / s > 

f c =0Af' c 

ft=6jf\ : 

R«mm: ±aipijtiifnti + ugmtin + OBRHitii [o.5(d+p/s)+l] 

f c =0Af' c 
ft= 6jT c 

9lQ.lQ.tn. HH^ClRUUJU3t3lRi3RTtntlJWlS: nJRtUUmtSRtgMWijtfll AASTHO (LFD) 

V nc*Uno»n 

Bending Moments in Bridge Decks Slabs: Standard AASHTO 
Specifications (LFD) 

fnmnnsiHHtanfiHisnripiiRs: juirb a stipes b M[tnu!tJRn^Sa!tJtuiRa stijtira 
iBlBtiBrranm njtasn *i 
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s = ynititayjMBfnci 

E = 88i3IUMn|jntlIIlJ[lIimuait3R wheel load Mfi 
p = uamallWRiasiaiifTimHmiuM tmck ( p ls y p 20 > 

p l5 = 12,000 lb MynurnnJimjBn hs 15 
p 20 = 16,000 ib MynnfnnJiRuan hs 20 

(a) man a- ttimmntitglatJtsntsitm ctcmatoHiayniian iwhiAft > 


innniiRHHiauBRHitsiMTHimtiiiawiHmmHMHrniBiianrTiH 

v d* U €5» m U 

Mpramitfimign h 20 

s + 2 ^ 


m l = 


32 


MynufnitJifiuan h 15 


m l = 


5 + 2 
32 


20 


15 


(12.4a) 


(12.4b) 


ititU M £ nntjl ft-lb/ft IBBBtiRtHlUJ 

rdTHiunTHinjISchtiimcusTHU uireBtiiaia* inrfliHafmHmmiafnntiiu 

U Li U Li Lru 1 n 1 

0.80 tBllCU fdHfTIJ 12.4 (a) 3i3 12.4 (b) 1 

(b) mirn b - IflmHyatnBlattrintiin/i 

rdTHIti wheel load SStimtilljn EHIlMBti =4 + 0.065 < 1.0 ft 1 Lane loads TfiltilS 

Li u u Liu 

nyjimiWBBtJ ie tiGeitiiyrm: 

ftHpinmittiiragn h 20 

1 

5< 50 ft: M L - 9005 (12.4c) 

5 = 50 -100. ft: M l =10005 90|gnJtJti 

tticu M l V\ Rtil ft -lb 

MynumnJinnan h 15 fnrrastij 25% nrnmsImiwHfriJ 12.4 (c) sti 12.4(d) 1 


9lQ.l3.Cj. USRSJClj (Wind Loads) 

1 

tu1t!Jin?iUnikUUSffiSTflJ 

IS- dA <Li * Li -t> v &> n l) IS- 

ranantHitiJ BtiuijiB fltsnSmiBinaRTHRa] 90° tsIsaHmmtbnturarjn^aua 1 

UesLi n V -octUu O n Li U tn 
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mifinjimuim niitimwitujjBsjni v = i 00 mph{i 60 km/ h) i 
nuislna aastho i 

ct 

9 b.la.tf . RHiaimtuS (Seismic Forces) 

w 

lRH1Gl[HS1i3lHR^i3hI1SGftJHH£lJ (equivalent static force method) SD response 
spectrum method MTinumiMnJlHnJlB1iniSl3UflllJWHi3HgTHmBmnli3Trn[TlTUlJTlRni!lJltlim 1 

1 Li O Li jJ pi n U Li -o Li Li c* 

RIJEUHRHIStSiRti AASTHO *1 RimjunumSHfd[HlH earthquake response, fundamental 
period ISJCIIJ Si3 International Building Code (IBC 2000) [Ri til S i J] iJ n U I Si R ti Nawy. E.G., 
Reinforced Concrete 1 


6>l3.l£).e). fnitlSjtlSfi AASTHO LFD 

AASTHO LFD Load Combination 

miMnpHnjiBininntRHtBmraBjuBmuunMBiJ^JtnBwnsiuinaitnaHHuitniBlRa 
Htifitantjunm i inmBTfiHtamnJiRUBmrmHwnsimuBmNfmH: 

n u i Li 0 a ^ 


[RHi: 

D + (L + l)+CF + E + B + SF 

[rhii: 

D + E + B + SF +W 

[OH in: 

D + (L + l)+CF + E + B + SE + W +WL + LF 

[RHIV: 

D + (L + l)+CE + E + SE + (R + S + T) 

[RH v : 

D + E + B + SE +W + (R + S +T) 

[RH VR 

D + (L + l)+CE + E + B + SE 

[RH vii: 

D + E + B + SF + EQ 

[RH VIII : 

D + (L + l)+CF + E + B + SF + ICE 

[RH IX : 

D + E + B + SF + W + ICE 

[RH x: 

d+(l+i)+e 


tutu d = namtli 

L = UBRHITjI 
7 = UBRHITjIB§B 

Pi 

E = MHlGu 
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B = rn runs HI Win (buoyancy) 
w = uasjtiixslttufntru 
WL = UBR8Jniia1lWUBRHItjI -100 lb/ ft 
lf = usRtiitimtiJiutiJtnsntJSRHiitjj 

< 2 j Cl 

CF = RHltitslfifs?! 

nj is- 

R = RimnilUMrib 

V "o cu 

S = RlIIHHig 

r = WRimmn 

1 Lfl 

eq = RHimmmti 
sf = MmniumuMBR 

n v 

ice = MHiKsnnn 



91a. 9(b) 1 

MTtnUUBRIHfinJl RtHTRHfi 

U <* 1 EU u 1 

10J81RH {N) = y[P D D + P L (L + l)+p c CF + P E E + P B B + p s SF 
+ J3 w W + J3 wl WL + J3 l LF + J3 r {R + S + T) 

+ PeqEQ + PiceICE] (12.5) 

iHRimnBRiiJtiiTRiHBiRigiitiiuBinBRRiJtisianRiH: 

1 <* Lry i n U * V U 

p E = o.7 M|]muuBRumjnBliw|UHuraRainnH 

= 1.0 rJ{H1UUSR81l3 (lateral load) isliiStuHtfruRtiHinH 
= 1.0 rd{HlUUSRUm]J BtJUBRmtJtBlttUtU (culvert) tilBlBjfi 
= 1.0 St3 0.5 M^nUUBRBltiialimimala ( tRRnBRJRlIlJlRUBRIlJtlltllU 
MUnUtRHtilRtlRR) 

J3 e =1.3 MtmUMmn81i3raM3lBlinW|RRnBRJHHl5}tiH1BIBlRl3I|mi3ia (rigid 
frame) [U tlUJTTJHUIUfitiJrmH 

1 / v 1 ) L 1 

p D =0.75 IBlinnitRRnBRJHaRM|jnnUBRR1HHRJHUJUIH1 StiHHtSJfBmHI 
MIHlUBnmRSRHRUnn MtjnURIJMRJlfiimBlMMI 1 
= 1.0 IBlltltUTRRtlBRTMTinUUBRinHHRIHRUnn StiHHtiHtmiJHl 

Utj U U <s> xJ v eJ 
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= 1.0 fdnmjHtimtifmmcn aaminnuttna i 

U n n 



Himm:Ult3m9M standard AASTHO 1 

a is- 


Table 12.1(b) (3 Coefficients for LOAD Group Parameters: Standard AASHTO Specifications (Ref. 12.2) 


Col. No. 

I 

2 

3 

3A 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



p FACTORS 


GROUP 

y 

D 

(L+I)„ 

(L+I) p 

CF 

E 

B 

SF 

W 

WL 

LF 

R+S+T 

EQ 

ICE 

% 

Q 

< 

0 

J 

in 

u 

> 

B£ 

tu 

on 

I 

1.0 

1 

1 

0 

1 

Pe 

1 

1 

0 

0 

0 

0 

0 

0 

100 

IA 

1.0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

150 

IB 

1.0 

1 

0 

1 

1 

Pe 

1 

1 

0 

0 

0 

0 

0 

0 

** 

II 

1.0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

125 

III 

1.0 

1 

1 

0 

1 

Pe 

1 

1 

0.3 

1 

1 

0 

0 

0 

125 

IV 

1.0 

1 

1 

0 

1 

Pe 

1 

1 

0 

0 

0 

1 

0 

0 

125 

V 

1.0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

0 

0 

140 

VI 

1.0 

1 

1 

0 

1 

Pe 

1 

1 

0.3 

1 

1 

1 

0 

0 

140 

VII 

1.0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

133 

VIII 

1.0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

1 

140 

IX 

1.0 

1 

0 

0 

0 

1 

l 

1 

1 

0 

0 

0 

0 

1 

150 

X 

1.0 

1 

1 

0 

0 

Pe 

0 

0 

0 

0 

0 

0 

0 

0 

100 

LOAD FACTOR DESIGN 

I 

10 

Pd 

1.67* 

0 

1.0 

Pe 

1 

1 

0 

0 

0 

0 

0 

0 

Not Applicable j 

IA 

1.3 

Pd 

2.20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IB 

1.3 

Pd 

0 

1 

1.0 

Pe 

1 

1 

0 

0 

0 

0 

0 

0 

II 

1.3 

Pd 

0 

0 

0 

Pe 

1 

1 

1 

0 

0 

0 

0 

0 

III 

1.3 

Pd 

1 

0 

1 

Pe 

1 

1 

0.3 

1 

1 

0 

0 

0 

IV 

1.3 

Pd 

1 

0 

1 

Pe 

1 

1 

0 

0 

0 

1 

0 

0 

V 

1.25 

Pd 

0 

0 

0 

Pe 

1 

1 

1 

0 

0 

1 

0 

0 

VI 

1.25 

Pd 

1 

0 

1 

Pe 

1 

1 

0.3 

1 

1 

1 

0 

0 

VII 

1.3 

Pd 

0 

0 

0 

Pe 

1 

1 

0 

0 

0 

0 

1 

0 

VIII 

1.3 

Pd 

1 

0 

1 

Pe 

1 

1 

0 

0 

0 

0 

0 

1 

IX 

1.20 

Pd 

0 

0 

0 

Pe 

1 

1 

t 

0 

0 

0 

0 

1 

X 

1.30 

i 

1.67 

0 

0 

Pe 

0 

0 

0 

0 

0 

0 

0 

0 



( L + I)„ - Live load plus impact for AASHTO Standard Highway H or HS loading 

(L + t) p - Live load plus impact consistent with the overload criteria of the operation agency. 


9ls.to.rt. fnmsjusR lrfd 

i 

LRFD Load Combinations 

lrfd standard aastho i 

O <dj Uq 19 - 1 c* 8 19 - 

snnasntiirmH : ®to.ta sslticu 9la.cn uincnnuBtuaRntHimi tuimmnti ©to.tJ titii 9la.nl 

U in -o Utj 
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utfim nMHfnjRBitifnfi giatiiHmiHHtiiiJniTHintiiainiamiMnnHniim i 12.1.1 tifrimn 

in cu v Lru U ct O ct in 

tHfiimilMNij LRFD rfltJWSMffirilHHimfTlHnamnMMfi standard AASTHO d> 1 inTHfBIlintjl 

lin ' , <=t l «^in ' Lru 

lainiawminmitimBM standard tmm lane load U truck load ntimifflUimUBfiHITs 1 1 cun tin: 

ct a is- Lj -\a ct <* 8 

UIBRIBM LRFD BlHBll9jI|SBfUa}lfli3 lane load Bti truck load naminimHUBRHIts1 1 


Table 12.2(a) LRFD Load Combinations and Load Factors 


Load Combination 
Limit State 

DC 

DD 

DW 

EH 

EV 

ES 

LL 

IM 

CE 

BR 

PL 

LS 

EL 

WA 

WS 

WL 

FR 

TU 

CR 

SH 

TG 

SE 

Use One of These 
at a Time 

EQ 

IC 

CT 

CV 

STRENGTH-I* 

Yp 

1.75 

1.00 

- 

- 

1.00 

0.50/130 

Ttg 

Yse 

- 

- 

- 

- 

STRENGTH-11 

"ip 

1.35 

1.00 

- 

- 

1.00 

0.50/1.20 

Ytc 

Yse 

- 

- 

- 

- 

STREN GTH-IU 

Yp 

- 

1.00 

1.40 

- 

1.00 

0.50/1.20 

Ytc, 

Yse 

- 

- 

- 

- 

STRENGTH-IV 
EH, EV*ES, DW 
DC ONLY 

Yp 

1.5 


1.00 



1.00 

0.50/1.20 







STRENGTH-V 

Yp 

1.35 

1.00 

1.00 

0.40 

1.00 

030/1.20 

Ttg 

Yse 

- 

- 

- 

- 

EXTREME 

EVENT-I 

Yp 

Teq 

1.00 

- 

“ 

1.00 

- 

- 

* 

1.00 

- 

- 

- 

EXTREME 

EVENT-II 

Yp 

0.50 

1.00 

- 

- 

1.00 

- 

- 

" 

* 

1.00 

1.00 

1.00 

SERVICE-I 

1.00 

1.00 

1.00 

1.00 

030 

1.00 

1.00/1.20 

Ytg 

Yse 

- 

- 

- 

- 

SERVICE-11 

1.00 

130 

1.00 

- 

- 

1.00 

1.00/1.20 

- 

- 

- 

- 

- 

- 

SERVICE-in 

1.00 

0.80 

1.00 

- 

- 

1.00 

1.00/1.20 

Ttg 

Yse 

- 

- 

- 

- 

FATIGUE-LL, IM & 
CE ONLY 

• 

0.75 













where: *y p = Load factor for permanent loads 
♦For load combinations. 

Maximum Q = 125 DC + 1.50 DW + 1.75 (LL + IM) 
Minimum Q = 0.90 DC + 0.65 DW + 1.75 (LL «► IM) 

Permanent Loads 
DD = downdrag 

DC = dead load of structural components and 
nonstructural attachments 
DW = dead load of wearing surfaces 
and utilities 

EH = horizontal earth pressure load 
ES = earth surcharge load 
EV = vertical pressure from dead load 
of earth fill 

EL = Locked-in erection stress 
Q = Factored Load 


Transient Loads 
BR = vehicular braking force 
CE = vehicular centrifugal force 
CR = creep 

CT = vehicular collision force 
CV - vessel collision force 
EQ = earthquake 
FR = friction 
IC *= ice load 

IM = vehicular dynamic load allowance 

LL ® vehicular live load 

LS = live load surcharge 

PL = pedestrian live load 

SE = settlement 

SH = shrinkage 

TG = temperature gradient 

TU * uniform temperature 

WA = water load and stream pressure 

WL = wind on live load 

WS = snow load 


Strength I: Basic load combination, no wind 

Strength II: Load on bridge with owner-specified design, no wind 

Strength III: Load includes wind 

Strength IV: Very high ratio of dead to live load 

Service I: Normal operational use load combinations with deflection and crack control 
Service II: Load combinations with control of yielding of steel structures 
Service III: Load combinations relating only to tension in prestressed concrete 


mf&fflfrn/isitinsmfftififiitfifAASTHo S&lrfd 799 





Hm1sjicumM[uiaw!cij 


NPIC 


Table 12.2(b) LRFD Permanent Loads 


— 

Load Factor 

Type of Load 

Maximum 

Minimum 

DC: Component and Attachments 

1.25 

0.90 

DD: Downdrag 

1.80 

0.45 

DW: Wearing surface and utilities 

1.50 

0.65 

EH: Horizontal Earth Pressure 



Active 

1.50 

0.90 

At-Rest 

1.35 

0.90 

EL = Locked-in Earth Stresses 

1.00 

1.00 

EV: Vertical Earth Pressure 



Overall Stability 

1.50 

0.90 

Retaining Structure 

1.35 

1.00 

Rigid Buried Structure 

1.30 

0.90 

Rigid Frame 

1.85 

0.90 

Flexible Buried Structure other than Metal Box Culvert 

1.95 

0.90 

ES: Earth Surcharge 

1.50 

0.75 


HIHlHHimnMMlj LRFD (j) j]nfljlS§jlSlRi3mni3 ©la.9 (a) 1 

imnBiTUMHfTmainafnna ©b.6 sti ®la.tu iBmfiimmHHtinnuttnaHnmm sarrmia 

U ct &J v n ru 

RIHHHmHITmraimBmaHWntiHm lane filTHIU HS 20 truck tfiHmBtiRIJfinJlHUJnraiJinilBlnti 

Lj l ct u l_i u in ~o c=t 

mna i inmRntHtiJninimmmHmfiRnmwiBHTggtiitnBRmaRin stiHHtiRiatsiRta dine of 

cu U n e-J w cu 

wheel) 1 


MHRinBlRamntiTHftnafinJinTnHltiitJBTHtmHm stiHsmdmnjRsncusBtng i 

ct Ut) Lic^U rn u v- & (?\ 

IRHIQRnJlRHHtinRHRtJJHI SilRHItiRIRHRtJJHIRtiHffi lane iglTntiBimBIimHmiBlltij 

V cu ct W Lj 1 U 


ItlIl3MUnU lane load 0.64 kip I ft nMHRlIUJtlIM|HtmUimtiBBiai|fnH: 

0.64 x 2 


RH1r3R1RHRUJH1 

cu 


Vll = 


M ll = 


- ( L - x) 

2 L V ' 

0.64(xXL-x) 


(12.6a) 

(12.6b) 


UJtlJ x = BHimnBtH81tiIBti 
L = !nJtiBH 

C7 Ct 

LL = lane load 

LEFD Specification SIHS'lJRSntUSftti (impact factor) RtjlR standard specification 1 iUltU 
llRSIHmJSlRIJnillJllfnnMISRinRlUlR fatigue 1 fdjdTIU fatigue IRjinfntnJlim truck load ntfijfij 1 
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fltajtgjtin single design truck ttJtUHISSHS axle 

UIBfnnBHtinmtSl 30 ft IStSTS axle 32 kips 1 mna 9to.S UttlHin impact factor IM filTHTO 

Uin u cu ' in ~o A U 

|uin9wiBfnnn[mmtija5 1 

mna 9to.nl tiaininMHmjMTHitjfiiuisiHHanfiHBtjjHiRaHffi lane ttlcutJiuncunmjtJifi 

in -o U v ct u ri 

TJSfi HL-93 fatigue truck 1 IRTfiffinJlfilHUJnJBBWtnBriRintiUfimiHfiim 0.5 ^HTSstutnsmH 

<* < - 3 Lruiiuw 1 Wwiu 

RtiHUJlSlRiMTsmB (line of wheel) 1 

<=* 11 vJ n 


Table 12.3(a) Distribution of Live Load Per Lane for Shear in Interior Beams 


Section 

One Design Lane 

Two or More Design Lanes 

Concrete Box Beams in 
Multi-beam Decks 

(jknr 

(mmr 

Concrete Deck. T-, T- 
and Double-T Sections 

OJ6 *(ho) 



1. Ranges for b. d. L, s. S, t r Kg are given in Ref. 123. 

2. For exterior beams, see Ref. 12.3. Section 4.6.2 


Table 12.3(b) Distribution of Live Load Per Lane For Moment in Interior Beams 


Section 

One Design Lane 

Two or More Design Lanes 

Concrete Box Beams in 
Multi-beam Decks 

*(33.5 L 

nr 


Concrete Deck. I-,T- 
and Double-T Sections 

— 



1. Ranges for b, d, L, s, S, K g are given in Ref. 12.3. 

2. For exterior beams, see Ref. 123. Section 4.6.2 

3. Notation: 

b = Beam width, in. 

J = St. Vincent’s torsional constant, in 4 = 4 A\rL sit 
K g = Longitudinal Stiffness parameter distribution factor for multi-beam bridges, where 
K, = n(I + A c f t ) 

e s - distance between centers of gravity of members 
k * 2.5(N b )~° 2 where N b = number of beams 
A c = cross-sectional area 

L = span, ft 

A a = area enclosed by centerlines of the beam elements 
s = length of an element of box beam 
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LRFD design live load £Tl HL-93 truck configuration tufUJHHIStJSj: 

(a) Design truck tJ design tandem tjlHtffSfci dynamic allowance 1 Design truck n 
HS20 design truck tufOmSRddfnsIgti Standard AASTHO specification 1 Design 
tandem tfnSTtiiulta axle 25kips HtDRI IlJtllinBntinHtim 4 ft 1 

(b) Design lane load 0.64 kip! ft iultllHSHIS dynamic allowance 1 


Table 12.4 Maximum Shear Force per Lane for HS20 Truck Load (V LT ) 


Load 

Type 

Formula for maximum 
x/L shear, kips 

Minimum 

Maximum 

X,* ft L, ft 

/.tt 

HS20 

Truck 

72 [(L - x) - 4.67] 
0-0.500 — j- - 8 

14 28 

42 

72f (L - x) - 9.33] 
0-0.500 — 

Lmt 

0 42 

- 


*x is the distance from left support to the section being considered, ft; LT = truck load 


Table 12.5 Maximum Bending Moment per Lane for HS20 Truck 
Load (M lt ) 


Load 

Type 

x/L 

Formula for maximum 
bending moment, ft-kips 

Minimum 

x/ft 

L,n 

HS20 

Truck 

0-0.333 

72(x)[(L -x)- 9.33] 
L 

14 

28 

0.333-0.500 

72 (x)[(L - x) - 4.67] 
L* 

0 

42 


*x is the distance from left support to the section being considered, ft; LT = 
truck load 


Table 12.6 Impact Factors 


Component 

IM 

Deck Joints — All Limit States 

15% 

All other Components 


Fatigue and Fracture Limit States 

15% 

All Other Limit States 

33% 


802 


LRFD and Standard AASTHO Design of Concrete Bridge 




iQjifflstfificiwmsmgMfftfiji 


Department of Civil Engineering 


Table 12.7 Fatigue Bending Moment per Lane 




Formula for maximum 

Minimum 

Load Type 

X/L 

bending moment, ft-kips 

x, ‘ft 

L, ft 

Fatigue 

Truck 

0-0.241 

72(x)[(L - x) - 18.22] 
L 

0 

44 

Loading 

(LRFD) 

0.241-0.500 

72(x)[L-x)- 11.78] _ 

14 

28 

L 112 


*x is the distance from left support to the section being considered, ft; LT = truck load 


mintniClinrimiMfyiRIinmfTlinRmttlla Flexural Design Considerations 

9to.m.9. miHutHwtsmijtJtJtHcijnmtsju e smHRcin </> 

Strain s and Factor <j> Variations: The Strain Limits Approach 

MtjnumnnmitiinincmiMH (ductile behavior) ittMHSfTiK mfiimuJfirijSiatfiitnBfitH 
nti^amnimmTHUTHtiinaintuncmHciiBa (balanced limit strain) iilciiiafninnniuia titmuim 

islRtiRTiiscm 4 . 12 . 3 1 iRHBTHimnTtfliJBSMUtintBmincmiiJmBiRtinHig raSsramramHciJ 

ct a L»u Li n I ct ct u Li Liu 

ntiinjuHBn^amtHutHciiniainjuncmn mimiRituiHRcm^ MHJHj i m^Hu^Hfunamjuna 
RiimrnuJBSwu ^r s, = 0.005 in./ in. ithmtmimTHUTHrantiintuRciiiRtnBRtHniunRTuluicii 
SU 75%tSfflRJtIJ ttiR balanced tSlRti code inJRBS ItlimfltilIRlClIRlI[iniUM?5lB8 ( JUS 

«=* 1 V 

9b.e)) 1 IRRRntjlIClin UtTHUTHClinatntURCmRIBlTRtiBlIlJRiaRlIfflCTlSiaiTRiUtiR HlSSffitil 

Li Liu U Li v m Li 1 

jslTfitisTmjSHstsTfjsTO iilRiiJcmBiiRTntiiamifficniuMHsmRtiiatR i msimUmwmjirnss 

Li Li 1 C' Li e 4 -o l 

s t = 0.0041 tufUjjnlSU f y = 230,000 psi ISlRUtt3RtjT!Ri3{R1i3 *1 

MTHlulu AASTHO LRFD fitHRCmRraMtitinnfURHMHRICuifi c IWRHMTUMBfTin 

Li su U n rJ n U e» 

JtlMtjH d t tfiftHBIRmRIMBti 0.42 iSini3?Um|HtJ|HCUni3R[Ul?i (strain limits approach) 
ititlJIR HIBIUTlHjitilBjfiTjl unified approach 'lluJSitjlluttlnJtnSI strain -compatibility UJlffi 
numtHUTHcucHm BaMHmmarfliauJmiHBRRtsiHaRiBsnTSauJimiiJR uuJitmTURatRia 

Li Li Liu i Li n Li m Li 1 Li 

mtfitmm RatRiauJimitiRi hum ^iBiRtitiwintn c/d,Riffltfi d.niMBraiRHBiraiiJR 

-\A Li 1 Li ct n l ct |_J l c\J P Li Li 

nraauHfms tsis i mnu 9b. 99 tauiR 12.8 niiicnciRinrafuintugiBlifiaJnMiTM aci su 

U^i> ct in ~o U ij iJ u Li n 

LRFD fdTHlU RCl/lRIlJRRTHiRinBiRaHaRiaRliriRnilJltil 

Li Liu ct n n 


mmnpttanmnpamtftiHiitliT aastho §&lrfd 803 


\r.ChlHly\ 
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IfiTfiJirafitHUlTHUTHWnailjfU e, GtjTia 0.005m. /in.fititjlti 0.007 tsl 0.009 in. I in. 1 
fi3|H1tjH8fnfi beam -column U 1 [H 11 [H tU 0 13 i oj U i S B S limit compression -controlled Pi 
s t = 0.002 1 im[ti S t = 0.002 tflimUJMftnU yield strain s y = f y /E s = 0.002 ISISUtil 
mmssmmm ranni^mHiTMmiBlaaTuingiiJmiJnnramflim i ras 9la.nl utiirTinfesnnjm 

cu Lj Litj Li Li Li jj in ~v> 

tgUI[HUtHtlinainjnM|jnUH8fTinraHa tension -controlled St3 compression -controlled 

M|jnu|nunin?i0ntiHM ( gaiaipnatma) tutu s t =o.oo3(d f /c-i) i 

e c = 0.0037- € e = 0.0037- 




(a) (b) 

Figure 12.6 Strain Limits (a) Tension-Controlled, (b) Compression-Controlled 
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tsltncu net tensile strain lalnaliJniamimnimiaiTrrIutiHnraumia c Gtiia utwBti 

ct \) U 1 U U "VJk vfc 

0.005 ) HSmtitRlttlSRllJlfitil tensioned-controlled section ttiWllHISfnJTHfHMmMSnfnJtnfi 

1 Lru Li ct 

TRUTmstilHmSiamntilUti BtilRRtnBMIHtTUS ! tsIttltUttiEU net tensile strain iBlRtiitiRiaRii 

Li Li u ct Ll ct 

BltTlBHttTRlmififiB ( RGtilti Hi MS 13 compression -controlled strain limit) tfiintifiatilRRtnB 

tiiRsniitnmiJimtiimuirTMm ^HmaaminifriMHiMBrimitnRfiRBntjutiR i 

8 3 8 O U W Li ct Ml 

CURStUl balanced strain IRnH1BIBlTRtiH8fnn!lJtlIUITHUTHtlinaintUHHUIinialMnMIl3 

S3 Li i Li Uu U 

rniMiaR&ianrrlutiRHiaRtHiMaa 0.003 RtiinwflnmwmtiiHGJBti yield strain flua* = f v /E, 
iglnauJmtimimmuJwrniBti net tensile strain lalnaitJRiamiffifTiiiJtiinniiRiBlniaJSiBs tsi 

ct -\j L»U ct ct 

tnUJltiUJfltHJUW e. =0.002 in./ in. ! 

cu < 

IRHBint3ITU}niB*IBlRi3RlIR[mafinHIlJtlIIi3RlinRUIiJli3IlJtlIHgii3RlIMamB 1 tSlRti 

Li ct ct n n ct 

1 1 

HamuuiB* uiTHUTHtunainln^ lalRiaiiJRiaRiigiinsitinRintiRHgTRfntiiti 

I ~1 Li Liu U i ct -\j Li l Lru 

1 

0.0075 rdTHlUfflJ HBiRI 

U i ci 


9lQ.tn.lQ. nMMiilHHvIClRUttJlvJtHRtin (Factored Flexural Resistance) 

1 r» v n i v 7 


HHiaguBtiiRiinRuiuitiiHRtm 

v n i 

M t = </>M n (12.7) 

ItJtmHRtimiMMti d = 1.0 ! 

i i n ' 

IBlRtiRlfJfilfi strain compatibility IfiltmBlfijRlfiUBRnHfitm ^HRtH 1.0 M|H1Unet 
tensile strain 0.005 tsi 0.7 fJTHIU net tensile strain 0.002 IBlRtiUjRJtiRlimtnSiaiTRlthifi HIS 

Li ct -o u ] 

Stilts! 


0.7 <(j> = 0.50 + 0.30 


d 


ext 


-1 


< 1.0 


( 12 . 8 ) 


ttitu d ext tin d t tB|MmnsiaiudtitiRraMitJRn^Si3R|MmmtJR!tJtm3iiRjiMnMii3Riimn]Biti 
tTRlutiRinMHSRiRrafiatTURtiTina 1 

Li 1 i 1 Li i Li 


9lQ.m.m. tiihfsfnnnnmTTlinnin^tt) (Flexural Design Parameters) 

MHfnJfiJTH!HR[inS!UMfiJi3HHi3 nominal IUMH8RlRITURl3Tflll3UJim LRFD method R 

U l ci v l Li i Li 

TfdttifiSSti standard AASTHO ItlimRTMItJttimBalnrmTMRtmBlIIMMtilUM ACI 318 ttitllttUl 

Li lJ Lj lJ ct Li ci l Cl 


mmnjiminmRpstmmtidtr aastho 3&lrfd sos 


IT.CIilud 
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SI tSiRi3tgR4.il tStjHR d 1 tIMMl3R[mmBi3t|fnm (ultimate design strength) f ps tStUR 
n^iltStlJHIQRnJlSlRIHlR strain -compatibility titsRtigmUUtlfi 6.9^ Utul till RjTirmtlJ (appro- 
ximate method) IlJtlIt|UMHRlIBli3t|fnH: 


tticu 


fps f pu 


1 -k 


d 


p J 


k = 2 


1.04- fpy 


f, 


pu J 


(12.9a) 

(12.9b) 


= 0.28 fdjH'IR low relaxation steel 


Mflnu unbonded tendons. 


fps - fpe +900 

ttiCU l e = 2l i l{l + N s ) 


d„—c 


\.ej 


(12.9c) 


l e = jjjtjR embedment, /,■ = {Utfi3R1Ut|URi3(fni3QtSlS anchorage, N s =RSS tendon 
tslfiti standard AASTHO specification tRH1Q1TIS{UH1MRl3{fni3HtyHi3yl3tSiRi3tE3Rt|URl3 

i i 

|R1i3nMHRlJ81i3t|RlH: 


fps f pu 




fh f'cj 


iHBBtiitnanHMinMHmnnH c nMHrn jsntst tttihi 

u n O U 

(a) HSfflfittificJU (Doubly reinforced section): 

A f + A f — A' f' 

^psJpu'^sJy s J y 


C = 


0.85 f'f.ft + kA 


f pu 

ps d„ 


tlJtll f'y = yield strength JtIMttJRJiJRlIMtiSI 

(b) HSfTlfiinSMlU (Flanged section): 

\>sfpu+AJ y -A' s f ’ s -0.85/ ' c Pi (b - b w )h f 


c = 


0-85/' c P x b w + kA 


f pu 

ps d„ 


(12.9c) 


( 12 . 10 ) 


( 12 . 11 ) 


tttaJ b w = SSi3|SSi3 

d„ = QH1ffinfi3JtMJi3RlJfi3i3R81i3tTRitJt3RtSiSTtJ^SHSratjtt3RtraRi3TRii3 

y ts n Li ] Li l is Li]Li 
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9la.m.6. ttiSRimmUMttifinfpti (Reinforcement Limits) 


(a) tUStitmfittifin^HRmtn (Maximum reinforcement limits): 

mHinjiHtiuitniuMiiJRiainiRaTfna uitJnHaiairaRiaTfnartifmafitHtmianiniBHi 

Li l Li -v» U l U L»u su tA 


tticu 


— <0.42 

d e 

^ _ A ps f ps d p + A s f yd s 

^ps f ps As f y 


(b) (Minimum reinforcement): 


(12.12a) 

(12.12b) 


laluiUHsmnmtJHM mHiamtimmfpmitfnti saiE3RHsim|uni3[Rit3[Rj[Ru^nstBHj 
uiSmiMMtiauBtiifmnnuiiJiaiHmm m , raiRiuriijtiinrjTRliMsti i2M- r tannjifl 
i^mitimnhmwminfiJfTimHgriMB mfiaa i.33E3msHHmHR[uiiE3cumHmn^ituusi 

H W 6l "SA U 1 Xj 

USR 1 


M cr 


{.fr fce)^b dnc 




(12.13) 


lu(U M dnc = H HR i t3 01 U [IHl 111 H non -composite dead load 


S h = HfjtUHSfTlfi non-composite 
S bc = H^CtfHSfrifiWHIW 

f r = HEjtUulti (modulus of rupture) = 1 .5 fj\. psi = 0.24 fffksi 

f ce =nt3[mt3rjamaint3m§it3t^mrmnm|unl3{mt3|UMSfnn nirnmnunnuti) 

i 

!BlTntiMiiMiafTiimni8it3nrTlutiHraMH8mRiiJwRi3Ttni3m[TiiRnfinaR 

U *\* Li | i 1 Li 

SltHjTii 1 


G>lg.6. mintrillunnmiMRJIRtinmRHItJfnfi (Shear Design Considerations) 
9lQ.(i.9. The Modified Compression Field Theory 

TSM compression field WTHlBRHIttfTlfi St3EdTH1URH1t3mmSflJtiitilHI3JSt3rrinHtlJ 

u n A Usu Usu Ou w 

TRitnBiitnnmalRaftin 5.17.3 ts^nn u 1 islinwuJnraiBfnmjnj iRWBnthrantiHBBUBtijfm 

BimiB USlUnH1Srmmm§ ItMtiB (field) IS compressive stmt BUBtiratritifflHHtiRTBa 1 H 

•Nj^ctU sun Liu i 

0 raw strut tSSl|U[ywra^WraSt3m{HU[HWnt3mjum[Ulira (longitudinal strain), m[HU[H[d 


mmnjiminmRpsmtimtidirAASTHo §&lrfd 807 


\r.Chliay\ 
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nmtsjusiia (transverse strain) S-bm \U U jj4£Unth G j U i H (principal strain) iSlnb[SSb: 

tan 2 0 = e% ~ £l (12.14) 

e t ~e 2 

tticu a y = ulrHUTHtiinaintuuiiimmiuMTgBa c iRRiisimltf ms) 

A Li Liu U ci U l XJ u* 

s. = uiTHUTHtiintiintugga c nsmimmltims) 

t Li Liu U xj UJ- 

e 7 = uiTHUTHtiinaintuiamiMamH Hltfms 

^ U Uu U n u* 

JUS 9b. UiJimilJBRl3TSni3 (stress field) T3lni3TgBi3IUMnHIlJtlIHBIl3ITURaT8nl3HB SfcitTRltf) 

U in x* 1 u ' ct Li l ct Li i Li l Li 

untdHisrmmrus i HsintURmrus RHiamRTRJtnssugtiiiiSitiJRaTfnamrTiHariTsa stiRtiTRiti 

ct Li 1 c* Li m Liu 1 u xj n Lru 1 U 

MtiRHtiHTgtilMRI UJltmnHiniTlHH 45° ( JUS 9b.tf(a)> 1 ITRimintUmBMlHITUS RJlHlTtli 

n n Lru ^ ct c i v Li ct Lj ct U 

Ht3RTSt3^RJlRRnRl3TR1l3mmiSlRmURl3TRftnSRlRUStlJtihmTQS‘1 

n Lru 1 Li xj ct l L»u o- U 



(a) 



(b) 



(c) 


Figure 12.8 Stress fields in web of reinforced concrete beam (Ref. 12.6) (a) be- 
fore cracking f, = f 2 , 6 = 45°, (b) compression field theory, f, = 0, (c) modified com- 
pression field theory, /, * 0. 


ISlRDTSM compression field IRfdSRIjlRDTRlDginitH f, = 0 titslSlRtiiiJS 9b. Ca (b) 
ITRltmtltmURtilTtK *1 TSM modified compression field RRUmWRIIBWIHIBRtitmtigimiBl 

U 1 Li Li n A 15 - V U 1 Li xj 

RiaiURatilBlSWlHITU* titslBlRtilUg 9b. (c) *1 nititiRtiTRItiH (Mohr’s stress circle) tSlRbm 

ct | ni ct Li u u e* i U v ' c* v 

g fi.b (b) isIrd^hr ti tfremBtiiug 9b. (c) iRHiBggrotnBWHRiisraitmH 

f 2 - (tan 0 + cot d)v - f x (12.15a) 

t ti CURD Tfflb R H1R R1 fi H S ! R S R 

l U eu i ci 

v _K-w p ) 


v = - 


Ki d 


\4 V 


(12.15b) 


d v = (d p -ail) Stib w = SStifSStiftlMSRin 1 1RITlt3n[mRllJR|gBi3Ii3Rligi[T] (tension web 
reinforcement) A v 1lJnigiHgiIM|mniS9jRti|mi3MaRH1BWBi3gBBiaitfTlH 

Kf v = (/2 s i n 2 6- fi cos 2 d\ w s (12.16) 
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to A v /v ttlUtiUmjnS balancing tensile fore uBHjUSmUWlHi;|US^9mt3tlJH1SH 0 Bi3 f v 

i 

tftfitirmtiHffTHiBlntiitifintiumTn ttfimtjBM/, tsImarjHfm 12.15(a) iBlRiawHRii 12.16 

1 U eJ ot euJ u J z* ct v ' ot 

imtitnB: 

V = f\b w d v cot 9 + d v cot 0 (12.17) 

to v riami3§jv„ itotosti (v c + v s ) . tutu v s tfiRtntiRifitoBHBWitfimuJRRti timji i 

©to.d.lQ. ftfHR'tfRtlflSI (Design Expressions) 

RlHRIJMBfitotnBtlJRnJUMTHtlJ IRintintUBMHRmRltlllB modified compression 
field theory 1ST til HI tJBIBMfiHIBRimfinMMijRHItiRlfi nominal V„ IBlRtilUfitilTTJRtiTRIti 

J vJ v ?j i n eu ct i u i u 

V n =V c +V s +V p (12.18) 

to V. = IIMM^IRHitiRlR nominal tE3nJ^TtEJltI5Rt3Tmt3BimtSi Rt3m?Tt3 

L i n £u i U ct i 

V. = WMMilRHii3RlR nominal tE3nJ§TtEJltI5Rt3TmaBimtSl Rt3tE3RTSSt3 

o inm ,J l Li -o <=* U i 

V„ =tIMfil6Rini3RlR nominal l£3W§T^muaRl3Tmt3UmTnSlt3mmRl3Tmt3 harped B 

y l n ni pi i Li euJ U i U 1 'v* 

draped RlHBWTJIIUnm 1 


9lQ.(s.l3.9. AASTHO Standard Specification (LFD) 

AASTHO standard Bi3 ACI 318 RHIBWRnJUTWUJftiRl itflHJIRBJRV,. Bf 

n sLiiJca l V 

RtHttitlJRBtili3RtlBt[UnHfiIHRlI91iJcil81i3tTRlHttitlItIiIlCn tojfiJnijffilaCUHRtSiRDitaR 5.5.1 

m 7 J <=* U i/i-olJ ctct 

sta 5.5.2 tsto 

v 

(a) RBiaRlRCIRUtiJia (Flexural shear): 


v ci = 0-6fJfb w d 


VjM cr 

M 

m q v 


(b) RBlURIRtSBia (Web shear): 

V cw = ^.5fff+Q3f c \> w d + V p 

M|tnu AASTHO rdHfnJHHm^US (cracking moment) R 

M cr =S t {6ff r c +f pe -f d ) 


(12.19) 


( 12 . 20 ) 


mmnpttanmnpamtftittiiitliT aastho §{jlrfd so9 
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0kUs.fel.lQ. LRFD Specification 

lrfd aastho ssnimoiltinj: 

n ‘J u n 

(a) Strut -and -tie model 
niRniUBHRi atiHBtjith 

8 wt> 

(b) Modified compression field ttSCUltiCUTClJHftSClI truss ItJWtnBHtTtJTTJUJ fatlJIBlRiaiBlMR 

diagonal compression field 1 flSWnHi LFD ffiijRUWBfi 

h flSnwBia 45° atiwnmssraRtifdsnBwmmmntin tuim v r TRltnsHslRfnjsim 

1 tJ ^ c* 1 1 <z> V U cf c Lru in 'O 

itiCUSiafflfi compression diagonal tiBIJtunuiBlRtiUiR 12.4.1 1 

EU 1 0 V I_1 ct ct 

IfitlJRIJMMlj nominal BifitHtafiBtjltilfiRtiBIIlJTlH: 

in v eu v c* 

V n =V c +V s +V p ’ (12.21) 

tj V n = 0.25/' c b v d v (12.22) 

ttitlJ b v = 9Bi3|9Bi3|TIM9fnn 

d v = RHMRH1i3RlR|TIMgfnn »(d p -a/ 2) 
a = RHMitiMtiRMtiR 

n eu n 

H8R1RI|jn*^RMimtiRH1l3RlRMRtBlBHimd v u(0.5rf v cot#) 
till! 1 IRHlRfitH d v nRlIRIlJlBlIIMMtiriRUIiJltiRnnitllltlia 1 

eu v in n n o 

WMMtSRtritiRlfi nominal JTJMrafitiMB V r ItiHIRfitfl psi R 

i n eu l i cj c r 

V c =fi-J7^b v d v (12.23) 

BtiRfitfl ksi 

V c = 0.0361 pff\b v d v (12.24) 

IHRIU1 0.0361 R 1/VlOOO !lJW^IHH[mM|jnumtlIi3fipsi I9lfcsi 1 
IRmRnMMl3RB1i3RlRIBRlIBtlIIHinM!lJRTgBi3nt71TIR 

l n m vu U i tuJ 

A v fyd v cot 0 


y< = 


(12.25) 


IRtfiftfimtiRRti (transverse shear reinforcement) IBlmtllllJtllRBiaRlRIHRim V u GtfltinJSfnn 

(12.26) 


guRH’itiRifiJTJWiufitiMg ti 

eu i i a -v* 


y H >o.5^(y c +yJ 

ItJnnHRnjiRiRUBmiiMMti^tRftnBmRnRina 010.0(a) 1 
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tnjfjmss iglintuiiJtiiRHiaTUHRHraMnHumBmiMamslBamMHaHiJtjiiJtiiiRHHia 

suUv^>ctW’ n 1 n v 

iBlnaninJi^iipB inmnHsmmtjnsgimBliHtiBmaffimtiia o.5d v cot<9 u d v tofinttjiuw 

BfHI 

iSHtnimmiMMiaRHiamH nominal lUMHamTURaTsnalMRinimBiira^anflTRinimn 

w iciiu n U i U «5» U U n by 

i 

niuiuMyff st36» taTRfRiRMTHiuRtmRV,. Slav, isintJMHmi 12.21 sti 12.221 mthiuh3 

tu ' Li C 3 os Li 1 

mmuRaHsrmipnta^mta irhjr/? = 2.o si3<9 = 45° 1 M|jnuH8rnmunai|Ufja[fnti. triai- 
and-adjustment ITURSH B SIS 1 flinti 9b.CS UiJimnntHIUM/? Si3<9 MTH1URSHStill39IUMff r 1 

J Li m ' V in ~o nj ' LicuvJ 


Table 12.8 Values of 0 and p for Sections with Transverse Reinforcement 


V 






x 1 ,000 






f'c 

£ -0.20 

£ -0.10 

£ -0.05 

£ 0 

£ 0.125 

£ 0.25 

£ 0.50 

£0.75 

£ 1.00 

£1.50 

£2.00 

£ 0.075 

22.3 

20.4 

21.0 

21.8 

24.3 

26.6 

30.5 

33.7 

36.4 

40.8 

43.9 


6.32 

4.75 

4.10 

3.75 

3.24 

2.94 

2.59 

2.38 

2.23 

1.95 

1.67 

£ 0.100 

18.1 

20.4 

21.4 

22.5 

24.9 

27.1 

30.8 

34.0 

36.7 

40.8 

43.1 


3.79 

3.38 

3.24 

3.14 

2.91 

2.75 

250 

2.32 

2.18 

1.93 

1.69 

£ 0.125 

19.9 

21.9 

22.8 

23.7 

25.9 

27.9 

31.4 

34.4 

37.0 

41.0 

43.2 


3 . 1 S 

2.99 

2.94 

2.87 

2.74 

2.62 

2.42 

2.26 

2.13 

1.90 

1.67 

£ 0.150 

21.6 

23.3 

24.2 

25.0 

26.9 

28.8 

32.1 

34.9 

37.3 

40.5 

42.8 


2.88 

2.79 

2.78 

2.72 

2.60 

252 

2.36 

2.21 

2.08 

1.82 

1.61 

£ 0.175 

23.2 

24.7 

25.5 

26.2 

28.0 

29.7 

32.7 

35.2 

36.8 

39.7 

42.2 


2.73 

2.66 

2.65 

2.60 

2.52 

2.44 

2.28 

2.14 

1.96 

1.71 

154 

£ 0.200 

24.7 

26.1 

26.7 

27.4 

29.0 

30.6 

32.8 

34.5 

36.1 

39.2 

41.7 


2.63 

2.59 

252 

2.51 

2.43 

2.37 

2.14 

1.94 

1.79 

1.61 

1.47 

£ 0.225 

26.1 

27.3 

27.9 

28.5 

30.0 

30.8 

32.3 

34.0 

35.7 

38.8 

41.4 


2.53 

2.45 

2.42 

2.40 

2.34 

2.14 

1.86 

1.73 

1.64 

1.51 

139 

£ 0.250 

27.5 

28.6 

29.1 

29.7 

30.6 

31.3 

32.8 

34.3 

35.8 

38.6 

41.2 


2.39 

2.39 

253 

133 

2.12 

1.93 

1.70 

1.58 

1.50 

1.38 

1.29 


iRBsciitnBuiTHUTHClintiintu ^isintatSniamrmcTinrdHfTijmtaiTmH mMBiuHsmfi 

U Li Liu lJ A ofc -o Li Li l 


rnitilUnsnmMtnBltifiBBia (transverse reinforcement) HliJUjHI 


d„ 


■ 0.5N U + 0.5V, , cot 9 - A ps f po 

2 ( £ iA + E ps A ) 


< 0.002 


(12.27) 


f po =0J0f pu 1 

iRTRjRniiRSHsalnaMHmi 12.27 stanj TtiMsraHgfrifiHisitlfiRiaBijtjiiaitaRRiaHtJi- 

Lm 1 m c* U 1 w 

tJJH 1 1 


mmnpttanmapamttanj^SiTAASTHo s^lrfd 8ii 
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Rtitrfiia / po i^nt3[Rit3ts1nt3mm{pnt3]tnms1intuHsJm|URt3[fnt3 (jacking) M|jnu 
[fitoHS (pretensioned member) tl^med^tTITjfJf BfTin flltint3[fnt3HCJHrd]]mU 
t£3m|URl3|?fll3iSlR)3H^Rii3i|yfil3|?ni3^ipffi (post-tensioned member) 1 fd^HIUlTimfUfitf 
tmtiffHtnifiHJfi f po = 0.75 f pu MUntimtiHan pretensioned StiSnldHtiei post -tensioned 1 

f ce = Ra|maManraMiunai^|HiaBpfiBHBiuMH8mnMinM!iJtiigugtiiaauBRHitsi 

mairfflaBTUMnifiargBa sarmu niMBiufiMmBlnatmuiiJninnmwriiTTiRaTma 

-oi U U e» U l suU O. cttu n U 1 Li 

saHHtinmiJniauBnnihmHSfnHtjinTtmuiiJtiiinmiiRSBaa mssmtrmssrnfs 

V 1 Li c* tu 1 C? 

mnjiHSfrmMHifd i 

i 

f pe = Ra|tna|UMBmmBlRa!iJmtuRa|mai|fnmintiiBinuti. tiitiiRimiMfRmn irgjr 
/^^[ ynatmatyMgfnn f pe i 

TUMBrauiTHUTHtiinaintnigiRaiiJRiaRiiBicnH^tiHiB tiiHmBaiHRUiiF. 

Li Lj Liu lJ c* -\j U* L»u 1 U i o 


UJtlHnBMHRlIflB8iai|RlH 

E„A r + E„,A r 


F e = 


s s ps “ "ps 


E C A C + E S A S +E ps A ps 


(12.28) 


uJtu A r = TRBriitiraMHSRimuRataitiRiaRiiBiiniiJimRiinRmiJiaraMHaR tiBummisI 

l Li i*J d/\ i ict n n tj in 

mams ©b.di 



Figure 12.9 Strain distribution in prestressed flanged section 


IljRmnmmTRiH1BMinH1TRBma[mil3HT9TH8RlRBHBHB[I5Uiri[TlMHRlI8iaiTRlH: 

n Lry U w JJ i ot u 'o U 

AJ, + A f >^- + 0.5^ + | ^- + 0.5V., + V„ cot 9 (12.29) 

** p p dj $ s p) 
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nMHfTIJ AASTHO 1EURHS HCTTlfi B itltHRtintihtifJSISRtifflJRnilfiUMfJtiRHItirrifi 

1 no ' i <=t i n £U 

tiH?n (nominal) V r tiBIBlntaWHmi 12.21 1 fTlIUiJlfnmHIUM B IlJtllltimW compression 
field theory talfitimnta 9l£).ti U^mtslHIHmaiB8UllRHaHlt3I|StnBMtjnutinni3jU {y/f' c ) 
ntiitj 0.125 iglmtuiiJtmiiTHUTHtiinaititunBtiia 0.005 ihsu tnantnnuaffnnntnma* 
ftitmfiSi (crack shear stress) v ci HlSSffitTl 

tUSfnniS crack interface lBHTltiIRl3Tmi3Rmi3fnmiJWH1TMmiW9tnimHITtI8 w 

d W * ] u EU Li ot Li 


iBlnaMHmiBiaiimH 


^ 2A6fff . ( . , 
v,„- < — psi, w[in.) 


0.3- 


24w 
a + 0.63 


OASJJC . , 

v„ ; < — MPa,w(mm) 


0.3 + 71+ 

fl + 16 


Hsu lfo§jl[U v ci = 0 luHjJRjltlJSia SUfnn^lm (compatibility) 1 WltH 6 

talnan VAsrjHrm 12.25 RtiiHQisisnarfnacmTHUTHtijnmtstuilEJnmnfntu ganarma 

ct w o 1 tu 1 U Li Uu U n 1 U 

1 

( mmuTHtunumftj) wamHinMinna 1 uJimtmirauia* RtarmanHiafdarimHmthntUHmm 

U Liu U n 1 i U cu n ci O 


iMaawBn itfim frmitnnuiajHaiRialRamititii^TitiMLRFD MTHiufiinjnBUBifitntifTin 

t)U U i n c* ci Li vJsu 

aamnHtin 

u 


9 la.6.la.fn. RtmfiHRummMttifitgsti 

Maximum Spacing of Web Reinforcement 

ntmnHBrmfmnmtn 5 raMliJRTgBanKtHiiJtiiHtitiiainnaBumiH 

1 m Li 1 m V <=* 

s < 0.75 h tl 24m. 

M 

tJJWBItJ V, >4fffb w d . RtIJIRHSmiRHRUJHIlRifnsmfitJSffi 50% 1 

§>l$3.Ee. Horizontal Interface Shear 

oi^S o <=a) ci 

IffltUfTIJtlfltS horizontal interface shear 1 jjTIHJfin service load S-b ultimate load jjnJtflS 

iitunuinmitiifmainaRtsisim fi.ri ititujHHisgmuijnlitJiiiniitltuHsttiJiHmHRTHlmj aci 

U -o -o c* a u in i Litj 

318 St3 PC1 1 AASTHO standard specification nominal 

V nh tJBmatiWMMtifitntimniUM ACI talintufflUIIRHairn dowel reinforcement tnBBHJTjlfiti 
TmtiHBrmnHnmB’ffi 80 psi 1 flSMffl tslintmmm dowel reinforcement HUTUIHI tbfHnb 

U i m ' i U bJ os 


mmnjiminmRnsmiimtitPr aastho §&lrfd 8i3 
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imsnarsnaRinafTimiJnHBtTnHHHuiinn 350 psi uJhjtjbmJ!1t soopsi ttinjHscmmtfira acii 

iLisu i no 1 v 1 \ no 

RIHRUHItiR BtinitmnBSMtjITHllUM Nawy tnSUt31CTl§n , mCTltilRt3Tmt3HSn'Tl?in?itil 

n i U in , J i U i no 

rb!hb!9bi RuniMiBTflJirntji MHTimiMMSSuanfriHtiinsimMHnjifnn sub-freezing. turns 
ultimate load Gtilti \200psi{S.3MPa) iultmjtl dowel reinforcement 

umjn 

Standard AASTHO 91H91Igt381tiIUnH: 

(a) IBlHlUJIRHBtflR vertical ties 

V nh = 80b v d (12.30a) 

(b) tglinUJtRHBtflR vertical ties HTJjmHI 

V nh = 500b v d (12.30b) 

(c) |R9JlttintHimmiM A vh Btflti vertical ties HtljilJHl 

V nh = 500 b v d + 0.40 A vh f y ^ (12.30b) 

RHiamfiumjnHRtin v u = </>v nh 

V„ h = IIMMtimnamnuJn nominal 

rin i e-i cu 

(j) = 0.90 

A vh HtljtJJHl =50 b v s/f y 

b v = ggaiuMHsmmaltHiaitiusiiJwtHfJmRRHiarnRiiJR 
b„ =BinmriMitMitiRiiMaR9ii3iTRiutiRig1gnifigHBraM!iJRiniRaTflii3 ms 

P n Li i Uio- U i U in 

HBTRimRRBtjHa 0 . 80/2 

Liu v 

s = RtmRHRmtmUW dowel UIBHBTRfl3tili3nBlJaiB9gaTgBailJtlIRBtili3IR 

i n Liu v U i v 

ITJWIftiflgTH tl 24 in. 1 

n U 

LRFD specification HBtnBtiWBilHIWRIIIlfilimBiiMtjnURnJlBlRmaRlRIlJR V nh 191 

bibs mmm|pfdHfriJ8im|fnH 

v uh = rr“ (12-31) 

b v d v 

luCU v uh = Ra|lfiaRBii3RlRIlJRIHR[m 
V„ = RBiaRlRUmTIIHRIUl 

u EU ttjJ 1 

d v = BHimBIBISRBiatimBRinagim BtitBRtritiMtiR ={d-a/2) 

t EU EU P0 eu-nj eu n v / 
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b v = SSi3 interface 

LRFD nnJin^JHimrnilMMtiRHiarnn nominal ITJM interface surface V n U?1 miffS 

V n =cA cv+M [A v f y + P c \ (12.32) 

aa v uh A cv <<f>V n (12.33) 

lutU c = tHPiEfflMfi (cohesion factor) 

// = iHR[mnnn 

A cv = [fiojiiti interface rawiuRiaiiJwmfitiBaamntiiRHiafTin 

A vf = TR9TlltiIUM!lJRRini3R1R!lJWR1RmHUlaRHiaRlRiglRl3TR9mti A r 

(/ u w <ii cu miu ct u w a 

P. = RintJ net compressive HBITBmilJnnRl3ig1aau6Rini3RlR ( HIBUJUIBlUJ iflltB 

c m a |tn m m i 

cunscuieiJfBfnn) 

a a i 

f y = yield strength Jilfd dowel reinforcement 

tflSiSl IRIRalRIB^tiSiaiWUtiRraMHaRBIRUinUHIBniRnilripH (tiltHlpiUltll 
0.24m. ) iBHTBlRIURagHBBHHimaH tiBIljurroiBlRtiltiR 5.7 1 LRFD ttUlSISlfdHfTlJfiJTHtU 

e-J 1 U lJ ctct 1/ Liy 


12.32 S13 12.33 lJBBll 3 ITRlHIlJtmnB 81 Rtil ksi : 

V U ct 


Vuh £ <t> 

iuW]?iSji'itiHUjurtri 

V 


o.i- 


V 

A cv J 


0.057> v 5 
Ar = ~ 

J v 


(12.34) 


(12.35) 


ttfim IRTRfmRWMMiaRtritiRlR nominal BfRIHRBtili 3 IRRi 3 BUiniH 

\-ru i n m V m u c* 

V n < 0.20/' c A cv ' (12.36a) 

U V n =0.80A CV (12.36b) 

IHfilUlWfic BtilHRUilRRH// IBlRtiMHRH12.32 HIBRtHlJBBltinRlHMTHIUtllRSimtilRtlJlR 

in i m Li U 8 a 

JtJfj interacting surface: 

(a) raRtitaBiRRaintmjiHmm 

c = 145 psi ji/ = 1.4 A 

(b) lURafiJtiiBimtiiiuRala BtitmRiuiraitiinMfiipH 

c = 1 00 psi n = 1.0 A 


mmfflRnnmtwatmtitiiiitfiTAASTHo sHlrfd sis 



Htm1sjicijrafij(uiam!cij 


NPIC 


(c) ranaltJtmnRiwranalti win BtiHainaimimmuimitiiuMfiHaipH 

c = 75 psi /u = 0.6/1 

(d) as-rolled structural steel fulfil headed stud Ufulfll reinforcing 
bars liJnjTRmiJnmaHMmntilHmaaranaHRrinHainBtiJiutsi 

Li M- i) 1 « c* 

c = 25 psi ju = 0.7 A, 

uJtu a = 1.0 MtmmunaiJtiMintiHin 

Li 1 l v*> 

= 0.85 hi (inti sand-low-density concrete 
= 0.75 MTH1tira?il3tt3niHlSJll3Ml?i?itSJltSS1l3Hfj 

Lj i 1 V 

SIlJUUtaJLRFD AASTHO specification mHffll^JlJlRIlJRHUJUItnilJimHanHmH 
mrjnt3(fnms1[fiti interface, HRRimmHiBi^MnMiBiJnnjimiJmBsiglBaRinjiiiJtiiv^ n 
tflti 100 psi(0. 7 MPa) 1 mnfmmSS ACI 318 Code specification St3 

standard AASTHO specification 1 

9l$].g.9. RCU1R Dowel Reinforcement HRUItfl 

FiClJlRHSmRHRiJJinJiJfj dowel R 

l no 

(i) UIMBItS V u < 0.1 f' c b v d v REtflRffBmtfl 5 < 0.8d v < 24m. 

(ii) JJJMBIU V u > 0.1 f' c b v d v REinRffBflfHl 5 < 0.4 d v < 12 in. 

9l3.e). USJRHItlfnR St3RinHCR (Combined Shear and Torsion) 

RUlfunuiBlRtiftiR 12.4.1 fin compression field theory tjIHtUSHttaR 5.17.3 UiJimci 
fmmtHUTHtlJnamtU RtntiRlfi StiHtiRttimffdtiRHtiRTSti 1 fUS tU.mtf. BJ.md 3t3 tf .60 TJilim 

U Liu Utu n nnLiuw in 

nranl38tiTBtiT9imiUMH8RimTRl*tllRiaiintlIIl3HHtilHtlI (torsional moment) 1 IRMBR^T 

UTjLiLi 1 Li ct VU 

msHRi3T?fii3mmtlcufj[UTicunmfHnj aaRHiaRimaiiwTtiatnaiuMHSRiR saSin^imjsia 

1 Li ri U £U Ul8 1 Cl*- 1 

IBlltlJTTjtiElIJH 1 ttiR transverse closed tie TflftnBMRJlRnilBlMTHIUTtilailJtmaiRaiBIJIRTRi 

Li 1 Lrjj vJ Li Li 1 ofc Lry 

maHuatiarl9ntiiRtni3RiR stiRHitiracu i 

o- VJ e» su (U U 

uBRsianRiiiJtiiua^THiBHHiaiHtiinutiRHBiJtiHiaauBRtiJtmia^THiBRHitiRiRHRann 

dj u ro ‘J v u iTjct & n ‘J £U 

IBlTRl3H8R1RITR'18fflRI9 1 imWUnill3IUMHRMRJlR[maiRURUtTltlIRtH8MUtiRtaRlIIH[lI St3 

U 1 Uct ctvJ p if. cu n ] u 
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mHgrjutiRmfjRHiarnfiRarnmtuisi^RTSsa'i iBsnmfiinBwinfTirn imnsirnfrin swRiis 

eu n 1 sue* U i i Uict 

Rtriamannss ttSHTmUlBl transverse reinforcement fJTHIRRHlRJHWSfdtJtaR frlHffiSRRHlR 

su eJ U eu w n i w eu 

RimE3tUtRRt9Ti3Rt3i;nCUtilHmRl RRRtUlSIfJTHIURHlRRIRgfjlJtaR TfiHmatiRtntilHtlJltitlJ 

vJc* Lieu niw eu w 

inniaTtiRiaintiitiiHmm ii^mmRHraiiiniiJniBnflTHiBnMMtisMutiH i lrfd truHthata 

vJ<=* D & u ‘J inn 1 Li y 


BTJ9HJR1JJHHJ nominal utsRISR ACI: 

u v ^ 


T = 

x n 


2A 0 A t fyCotd 


(12.37) 


ItlCU A n = TR9TlltiH8RlHIlJtlin9fiJfnuJim shear flow path IlJtlIIHUtmiI91i3TUIUni3 

U Li vJ 1 c 3 1 ~o A u V- Li 

A t = TRgriitiiuMiSiaHmiaiiJRiaRiiffifTiuBBR 

l U vJ di XI "Vi 

0 = trial -and -adjustment ttfiHJIftJmnti 9b. ti 

iBrnnimnniHiuM e , iRBBtutnBulTHnrHtiinaintn £ r iBlRtiuJRitiRiimmnMHRii 12.27 

EJ eu u Li Liu lJ A ct -o 

iWRinitiMtjnuRiifiaM v u ttJira 


v = 

Y u ^ 


PJu 

V ^Aj j 


\2 


(12.38) 


iRSSCUtfjHllUl transverse reinforcement R|H!R1JM|HlRRH1l3RlRnfiJHR1J 12.21(a) 

tflHffiSRfdBRlJ 12.23(a) SR 12.25 HlSSffitTl 

yd v ( 


\7 — p j A v f y d v cot 9 
V n ~ Psjf c b v d v H *~Vp 

s 

tiGISS fdTHlRRHlRRIRRRtjl lb SRRRTR1i3RRtjl psi 

TJ Li eu l U 1 

A v V n -(pff\b v d v +V p ) 


(12.39) 


5 fyd v cot# 

TUMBIUIRirnBlR ksi IRTRfRtUl /? ttJlEU 0.0316 1 tuimfilTtnURlUHtU HfilHRU 12.31 

Li u ct Liu 1 ' Li xi 

A _ fn 

s 2 A 0 f y cot 9 


(12.40a) 


(12.40b) 


|n9JlltiMIUIUM!lJR[9Ba (web reinforcement) R 


A >t _ An + 2 A 


(12.40c) 


iRsscutnsH ^nras 9b. d uJimiraRarmaRHiaRiR v tiGSiiatTRiH 

U 1 V Li 1 Li eu V Li 

(a) HSRlRjTFHU: 

V u -<f>V p T p P h 


V = 


<jb v d v 


</^oh 


(12.41) 


mmffflpnnmtmsimmiitiirAASTHo sHlrfd sn 
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(b) HSfnmtijiaiBjn: 


v = 


f v u -tv p A 

v <t*>v d v J 


If \2 

T u P h 


0A oh 


(12.42) 


» O tJ '“S 


lutU P h = U J HI [fi JU til 1 8] H fl] 1 S enclosed transverse torsion reinforcement 

A oh = [R SJlt 1* U Bti filtfl HJI 8J H nji S closed torsional reinforcement 81131 (nil n 
UtaR 

l 

A, = gross area nBtj!fmtfim shear flow path ( IHSUIUB Ef.tJti MTHinmiUUUTl 

u <-? c3 i -o A v U in -o 


A 0 St3 A oh loth A 0 = 0.85A o/i ) 


T u = HHflmtUiHRlUl 

u V U 1 

6 = IHmUlIIMMlj 

T i in 

inBBtutnantHiuM^ialniaMHmi 12.39 MTHiunimRnwwijRtntiRiR v.iaraRiaMBialnia 

v su 7 c* U i n su (- 1 1 tp <=* 

tssfln chart islRttras ®ta.d 1 uJmttjtMfitiRllTitiRuinmm yield inrRiTHRnBRTtsiiiJmafni 

U i ot v eJU i n J U Uj U 

RRialiwitiiamiBirnTRilRMinmTRiBHTtiinrntiinsniiBitiiTrnH: 

Liu U SaJ -o 3 a U 


^[fsfy + ^psf ps)-~^ L + ^-^ N u + cot # 


lutU P 0 = tmntRIUM shear flow path 


fo-o^-v,) 2 


^0.45 T U P 0 ' 2 


2 A. 


(12.43) 


o y 


A,, = RHlflRlHHRIHSlRS. ffiRltf HlSTHMStHtflRHltf fdttR 

tt su vJ 1 n U sun 


9lQ.fi AASTHO-LRFD Flexural-Strength Design Specifications vs. ACI 
Code Provisions 

flHlSRinSfdfpJllttltiJHfj AASTHO-LEFD flexural -strength design specification Sl3 
ACI -318 code provisions lift LRFD RltiRIWRtHRimRraMulTHUTHWnatntUIlJflllltunUial 
RtiRtflStUl 12.3 BatRUTRailhmtifinijtUtaRHMHnirijiR c inJRHfdTHMSRin d„ ilfhssR trI 

ct 3 UU UnvJ n U <53 e L»u 

tnaiRIUlitil unified approach IlhmfmiflH1BHBiRtnBM|jnUR1IMnjlR[mBimBmnR[mRBa 
1TR1E1J (ultimate) BimSHtifilUfitiirmH HtifirafitilTTIRtiTRIti BtiHtiRIUfitiimRtiTRItittfimniR 1 
IRfilSHSlR ACI 318 code strength provision fd[Hl lift tin R ultimate design strength f ps iSlRfl 

EiBiummtiiiraaiJtitnaiBlnaRtsisim 4.9 stf 4.10 1 ifiHBififiiBlRtiRiiwRpfiimBiHtifirafitiinj 
Ri3TRli3inmmjm SflHflRraRflimRflTRlfltEJltUltiRlSlRfltTRlflUflrdtina 1 AASTHO standard 

1 U - 0-0 n 1 U 1 U ct ct u U n 
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specification Ut3UTBIlJtlIH[mmMininTHH8fnHHamUHl3ITURl3TSnl3!lJtlIiaminHnHaiHinH 
ACI code provisions 1 LRFD alternative iutUtdlti rational design S1BS1J nlJHSl n strain 
limits unified procedure 1 ?Tinl3S UiJirnnmnTUtUI13tUtilMIi3UIlJtlIUiJl[Tlfnn8Mmifli3 

A ui'oUUiJ 8 in-oict 

MHmiiiJwtnaRimmsInalSmtjrinB* i 


Table 12.9 LRFD and ACI Provisions for Ultimate Strength Flexural Design 


ACI Code 


AASHTO-LRFD 


Notation 


d to nonprestressed reinforcement 
d p to prestressed reinforcement 
d' to compression steel 


A 

bd 


/, A,/.- 

“ = p 77 = TT77 

7c bd fc 
fps _ A ps fp S 

u>p=pp f c ~m j 

d 




+ —(«>- w') 


d s to nonprestressed reinforcement 

Apsfpjdp + Ajfydg 


d r = 


Apifpi + A,_f v 



Maximum Flexural Reinforcement 


Reinforced Concrete and Prestressed Concrete 

Maximum redistribution factor = 1000 e, 
percent, where e, = 0.003 ^ - 1^. 
provided: 
d 

a). + — - (u> — w') — 0.243] 

dp 

for rectangular sections and: 

<*W + ~ (<*)» - w*') < 0.243, 
dp 

for T-section behavior 


All Cases - RC, PC. PPC 
Rectangular or T Section: 


20 


(‘ " 


in % 


provided: 


- s 0.28 
d. 


d. 


0.85f, 


mmjitianmtinstmtiMid&iJ aastho sHlrfd 8i9 



Htm1sjicijcifij(uiam!cij 


NPIC 


Table 12.9 Continued 


ACI Code 


AASHTO-LRFD 


Minimum Reinforcement 


Reinforced Concrete 

200 3.5 Vfl 

P ~ Pmin — r — r 
Jy Jy 

(For T-sections, p is based on web only) 

Prestressed and Partially Prestressed 
Concrete: 

4. Pn 2 1.2 P" 


All Cases: 

<j> M„ 2 1.2 M cr 

d> M„ s 1.33 M u 

Particular result for reinforced con- 
crete: 


Pmin 


0.03/ c ' 

fy 


(For T-sections, p is based on web 
only) 


Stress in Bonded Prestressing Steel at Ultimate Resistance in Bending 


Prestressed and Partially Prestressed Concrete- 
Bonded Tendons 


where: 


[ p 'A + f ( "’” ,> ] aal7 

d' < 0.15 d p 

l p = 0.28 for f py > 0.90 f pu (Low Lax) 
0.40 for f py > 0.85 f pu [normal] 
0.55 for f py > 0.80 f pu (bars) 

P, = 0.85 for ^ 4 ksi 
0.65 for /'a 8 ksi 
0.85 - 0.05 (f' t - 4) 

for 4 :£ /' £ 8 ksi 


PC and PPC 
Bonded Tendons: 

fps = fpu ~ k j) 

k = 2(l.04 - ~) 
V Jpti / 



(Step-by-Step Design Procedure (LRFD)) 

BiaumHtiifTiiMiautBfiiJTiBnafniMniiHnjim: 

U 8 ct U 

L»u U tu U 1 U ct -ot 

2. ijSMUMHHianH BtifitnafTinnmnti 12.2(a) sti (b) 12.7 1 
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3 . HafHmHfiunauaumuMTinuHniimHaHiaminHUliJialiJtiiinBntnnuialniafiunB 

in n^U n n Jet 

l£) JuifiJ3tu^unss 90 tsttin 4.13 nata & stf flowchart tsras 9 I 0.90 lalintuira 

V ct ct y y Li 

LRFD method M|H1UfTlIH[mmHaHIi3fTlinHUiaii3 1 tflBlBl d v = (d e -a/2) 1 

4 . nimnfitntimmHRim v„iiJnra[imwnuBRHaiRami3HMialTHtiH8rnmTm«iJtiiMH 
tBlBtnm</ v yo.5rf v cot6> riitiiuMBtH uJimmnHtmiinfiJtiintiiaiR uJtu 

d p = RHMnjwBmntiBuairmalnaRinti ©b.d 

t- nUc» ULfi-oct 

= d p [TJMsramHs^mtiRnipfltaHfri 

5 . fiimmufifimamnraMmuirafitirmti v P i narsnanHiammHmmn 

n su U i U 1 i U cu l 

v u -</>V p 

v = 

(ftydy 

RflTfnflfltflflmmStlJJflQHIS nominal v=v/h 

1 U cu l 

6. RCU1S1 vlf' BtiMBRRtHJTJM 0 1 miMBRSuaStUMTHIUnHItilTtlRaTfliaR 

a C cu y h l_i ot Li \ Li 

e = 25° 

7 . RniiBiuiTHUTHtiinaintuiBlnaiiJRiafniBitTiiBHTBBtiitnBRtHtmRtma^ stf/? 

Lj Liu Jet -\i Ed y cu Ed • 

islna fnnfl 9to.d 


— + 0.5 u + 0.5Vj ( cot 0-A f 


psJ po 


'A E S A S + E ps A ps) 


F e < 0.002 


f P o- 0-70/ pw 

= RatRiaMi3RiBinaiuRaiBlTRtiBTufi9HBiuMiiJnffimuJimRRmi3Rini3 

a cc i Li n ot \ Li Li ] ts- ~o cu 

i|unfl{fnflusiunRUTiRufl stfusnHGi jsmtiHfj ^ 

TtiMBramTHUTHtiinaintuiainaiiJniamigiinHJtiHiB iRTHfRims, ufimiHRim 

Li Li Liu J ct ~o U* L»u l A j 


F ‘ 

r s * 


E s = 


E s^s E ps^ps 
E C K E S^S E PS A ps 


A r = TRgpitilUMiuRaiBlitiniaRiiBirniflimtminRaliJitilUMHaR 

c u w .si jet n n 

8. umtmsIrnaLRFD ras ®b.d HfltsfR tiiHmBtiRiHv//'. stis r rawsran e hs 

W-c* V nJu cu ^ o A. Li 1 

HIBRtHIRTIBaRIHMBRIBlRamitmRtmaiOTaSuaiBIBl* uJHTBBWtnBRtHlRRTHi 

cu Ed cu Ct J vJ y Ed U cu Litj 


mmfrpnanmnpsrmtimijdifAASTHo sHlrfd sn 
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ik mam 


raw/? i railsgraisra minsiv c nranfrii 12.23 to v c = pfjfb v d v (ib) ti v c = 

0.03 16/? ff\b v d v (kip ) totHSH chart islmmis 9lQ.£l 

1 

9. minsi v v fjnrratoTssti mmminratofimBraM v r ramntin tositofirafjto 

o Li Li ] Li cu ^ X) 

RBitimmtoralmn: 

cu Utj ct 

A v = 0.036 

J 3; 

10. ralntostototifrifra tnmtojHinjirafjtomtuntii A t stiA„ t TRlmnni 

Ct 1 U n J Lry ~o 

MBfTlJS1i31{fTlH: 

A sfy A psf p S ^ 



- M„ 

N., 

( v u ^ 


> 


+ 0.5 — — + 

— -0.5 V., -V„ 

cot# 


d v <t> 

<!> 




imiuisi^jlf mJ|R?inSf1jlSl|?n3t^tS bearing lt3tUM?ns1lCh|tJt!l3^ntJrj strand 

to§SHism?mtoraRtotoMSfnmnnTECum i 

cu Li 1 Li Li g) xj xj 

11. is1tntuHisfrinHn5mt3i^Hffisi3RHii3fTifi sUfrunfimiaia tmritnmfifHsffimmj 

i) u vJ i) cu n Lru 1 r> 

unsmm^mH 

„ 2A A./ cot# 

RHlUJHtU no mi nal T„ = 

“ u 5 

mmtiTHturilimfmsimittlmttmjmni 

Li Li u i_I ct x> 

M, 


s* = 


d„ 


-O.5N U +O.5cot0 Vp 


2 (e s A s + E A ) 


f P h T u ' 

V 2 A q j 


~ A vsf , 


psJ po 


F e < 0.002 


ttfro f po =0J0f pu 

n&JMiJfiBItifnfi nominal 

1 n cu 

T/ T7 T/ T7 a [JFl J A vfyd- v COtd 

V n ~V C +V S +V p - P^jf c b v d v H +V p 

s 

to d v =(d p -a/ 2) 

tomriiamfi 

cu 

A v V n -0.03l6pfffb v d v +V p 


s f y d v cot 6 

Rtnafrafri kips itfimnatmanutii ksi i M|jnumntuzfe sti psi mmHtjim 

0.0316 rami 


822 LRFD and Standard AASTHO Design of Concrete Bridge 


IgjifflstfifinwmsmgMntftj] 


Department of Civil Engineering 


ttimEtu 

V 

A 


s 2 A 0 f cot 6 


(total web closed ties reinforcement) 


At _ A’ _j_ o A 

s s s 

mnfntifitnfcifnfi v MTHiuggtutnaH e 

l U ni U v i 

(a) H8fTIR|pHU: 

V u-<f>V p , TP h 


v = - 


</>b v d v (/>A 0 h z 


(b) HSfnfiftajmgjSi 


V = 


(Vu-Wp} 

2 

f TP h 1 

^ v CMv y 


^Ah y 


yield: 


<i>( A sfs + Asf ps)-^p L + ^^^u + c °t 6 

12. TRHnBHTRHiamH interface Itifi: 

Ull U EU 

V n A cv <(/>Vn 

V n = cA cv + /j[A v/ f y ) 


(v n - o.5v t -v p f 


V uh ^ 4 


0.1- 


Af A 


tacu 


A f - 


V cv y 

0.05Z?„5 


/ 


( / fifitfl ksi ) 


y 


nominal tjlHlHnBtjltilRntiBinJTlH 

1 Cl EU EU V ^ 

V n < 0.20 f c A cv 


0A5T„P, 


u r h 


2 A. 


o y 


S A <0.8(M ( , 

tfjCU c = tHR[UlM?i (cohesion factor) 
ju = tHRnflRRR 

A cr = [RSjTitj interface ttlSia = b v I v 


mmnjiminmRpsmtimtiPirAASTHo §&lrfd 823 


\r.Chliay\ 
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ik mam 


d> = mfitmmfrastmjMfiJij 

T i <V 1 n 

ntimnmtJtu v uh /(/>>ioopsi iR^ln^HmtisRnoRrafj A vf i 

JUS 9l£).90 tltfimn flowchart MTH1U^miS^nJTR!HS!R^HlfinflfiUMfi3l3HHi3 

V in-o U Uy 1 n eJ i o v 

nominal fJjHlti bonded tendons St3 unbonded tendons 1 
13. RnriRHSmi?1HRiJJH1JiJrjttlRRH1l3mfiT9Sl3 (web shear reinforcement) 

l no eu Li i ' 

s <0.75/? <24 in. 

filMSra V, > 4fjfb w d . mRilStHRElJlR 50% 
fd|4R UR till fi dowel reinforcement 

ftJMSra V u < 0Af' c b v d v . 5 < 0.8 d v < 24 in. 

[tJMSra V u > 0. 1 f' c b v d v , 5 < 0.4d v < 12m. 

itlCU b v = 



c = (Apdps + A s f y - A' s r y - 0.85 - b w )h f )/ 

<0.85f' c p 1 b w ) + kA ps (-^) 


T 


d e - (Ap 3 fp S d p3 + A s f y d s )/ 


(Apsfps + Ajf y ) 



I 


Figure 12.10 Nominal moment strength of prestressed section with bonded and 
unbonded reinforcement (Ref. 12.15). 


If c £ 3 d' s 

Assume: f y = 0 and 
repeat computation 
of c 
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Figure 12.10 Continued 


9l9.£. LFRD Design of Bulb-Tee Bridge Deck 
qmuimfi AASTHO-PCI bulb-tee 

fifmWMmMltitUmB skews 1 1 20 /f (36. 6m) 1 tftfjtiugUsRSimnJ (super- 
structure) pretensioned beam QSS 6 ^fbHISRtUlfinHtmslHtUQHItU 9/f(2.74m) 

tticufmn HRnslHm tJtsuuuniainaiuB rdisHisnrHirjraRtimmsIsamsaRTHirj 

vJOui/i'oc*u n U i ruU 

8m.(203mm) tflHtlJSti wearing surface nBltilWfifjnM 2 in. 1 tlSRHitaiREUlSIR HL-93 
AASTHO-LRFD fatigue loading 1 



Figure 12.11 Bulb-tee Bridge Deck Cross Section in Example 12.1 (Ref. 12.1 1) 


mmnpffn/iffjansmtftiRfijttJfAASTHo sHlrfd 825 
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MBHtiitinBiasMmainaHuaimmBHti i m^T 

^ n o. c* i* v fj 


RtJTfntiHacmfiHfimHi: 

1 U l nj 



ftmtaiana 

U n 

f' c = 4,000 psi raRtiSHStmffl 



f c = 0.60/' c = 2,400 psi 



G& bulb-tee 

c* 

f' c = 6,500 psi 


e i 


f' ci = 5,500 psi 


A c = 767m. 2 


f c =0.60f' c = 3.900psi 

Service III 

.s 

CN 

r~~ 

II 

-c 


f c = 0.45/' c = 2,925 psi 

Service I 

I c = 545,894m. 


f ci = 0.60/' c = 3,480 psi 


c b = 36.60 in. 


ft =6^ = 484 psi 


c t = 35.40m. 


f pu = 270,000 psi 


S b = 14,915m. 3 


fpy = 0-90 f pu = 243,000 psi 


S 1 * = 15,421m. 3 


f pi = 0.15 f pu = 202,500 psi 


r 2 _I C _ 545,894 
A c 767 


f y = 60,000 psi 


W D =199plf 


E ps =28.5-10 b psi 
E s = 29.0 AO 6 psi 

Aa/ntjanar: 

1. 99tifi{jntUUtEUl3 (Transformed Deck slab controlling width) 

fi[msi99iafmumcm3 

m 

E cs = 33w L5 fJf = 33 x(L5) 1 * y[4jo66 = 3,S30ksi 
IBlintmtil E ci = 33(l.5) L5 V5,500 = 4,500te' 
ttfTlH service E ce = 33(l.5) 1-5 ^6,500 = 4,890fa7 
99titmuniM9fTinnntHHBtiii3inni3Bi[iniH 

m Lj e» cu t) c* 

(i) — icma= 120x12 = 360m. 

4 4 

(ii) 12/jy + RfmMLBBtiltimntiltilfi 99t3MlU81t3i(S, 


b = 12x7.5 + 0.5x42 = 111m. 

(iii) RHJlfiHtiJHJfltigH =9x12 = 108m. 
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itotSS SStifiTItJ = 108m. 

V nj 

tiniintuHatu n .=^- = = 0.78 

J E c 4,890 

9Si3thtUi3 (transformed) b m = n s b = 0.78 x 1 08 = 84m. 

2. tuntmrraMHSfnfiriJHiM 

B 1 

deck concrete haunch Ifflnti/V IS ttfimimifTinifnti 

V U ct c 

(camber) lUMHtiflB^tjmth 
A c = 1,397m. 2 


h = 80 in. 


I cc = 1,095,290 m 4 

c hc = 54.6m. IfflMIIMBiaitfnHntiR 

c tc = 72-54.6 = 17.4m. I9lMIIM81l3IWUtiHraM|Ht51R[jmU 


■tsc 


= 80-54.6 = 25.4m. 


c 1,095,290 OAA<:n . 3 
S bc = — — = 20,060m. 


54.6 
( 1,095,290 


S‘ = 


17.4 


= 62,950 in: 


S? = 1,095,290 = 55,284m. 3 


25.4x0.78 

3. StifiBItifTIfi (bending moments and shear forces) 


r[hieu: 


W sm = x 9 X 150 = 900 ib / ft 


9HBTJiJlBtti (barrier weight): W sw = 2barners ( 3QQ//?/ /0 = 100 lb I ft 

6beams 


2 48 ft 

2 in. future-wearing surface : W SD $ = — x x 150 = 200 Ib / ft 

12 6 beams 

USRHtljJ (truck load) iStnfi LRFD i ofuEb HL-93 truck fatigue loading 1 

clear width C1Jt)9 9b.9b = 48/t(l4.6cm) 

48 

GSS lanes = — = 4 lanes 
" 12 

(a ) rtf fftinmijfffmpntfffffii (Distribution factor for moment) 

fdjWd lane load 2 mfpstfimss (snnti 9b. mb) 


mmnjiminmRpsmtimatiirAASTHo §&lrfd 
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iKwam 


DFM = 0.075 - 


f s ) 

0.6 

r/n 

0.2 

( v \ 

K s 

U.5; 


kL) 


{\2t]L) 


0.1 


RtiRitmtfinj 

c* 




rcuiruh: 

ct 

3.5 < 5 <16 

tfimwia s = 9. Oft 

O.K. 

RTUltUfiTIS: 

U n 

4.5 <r, <12 

tflRtMti T. = 7.5m. 

n j 

O.K. 

fwia: 

20 < L < 240 

tiim Mia l = 120/1 

O.K. 

tissue: 

V c* 

N b > 4 

tflRtMti N h = 6 

n D 

O.K. 


e g = BmmifttiBtufigHBIUMtjH StiRfHlEU 
= — + 0.5 + 35.4 = 39.65m. 


4,890 

3,830 


= 1.28 


K„=n(l c+ A c e 2 g ) 


= 1.28 


545,894 + 767(39.65 ) 2 


= 2,242,191m. 


tiGlSS DFM = 0.075 - 


( 9 ' 

0.6 

f 9 ) 

0.2 

2,242,191 

U.5; 


U20; 


12(7.5) 3 (l20) 


-i 0.1 


= 0.732 lanes/beam 


fdfHIU design lane load Hffi. nmnti 9b. mb 


DFM =0.06- 


= 0.06- 


[ s > 

0.4 

fS> 

0.3 

( v \ 

K g 

U4; 


U; 


{\2t 3 s L) 


\0.i 


f 9 ^ 

0.4 

f 9 'l 

0.3 

2,242,191 

ll4; 


ll20; 


12(7. 5) 3 (l20) 


nO.l 


= 0.499 lanes/beam 


fists? man lane load m uiiBBtiiani mwsmfinnratitatiumiatj'iia fiatssmtns 

V 'k* Li 1 V V 


DFM =0.732 lanes/beam 
Fatigue moment 

HHtimftnBRHMUnn single design truck ifiCUUlSSHStfil (axle) tftsfp fiBtBlfiti 
finsmnricuiei^tstsffl UIBtjlHHJBtiRtirimTjI 30 ft tstSIS 32 kips axles 1 1filTUlane 
factor 1.2 M|H1U fatigue tilHjmmJBmiHRim DFM ifiEUCUU 1 Eimnti 9b.ba. IHHtUl 
US R (load factor) R 0.75 tuimiHR[mB§B (impact factor) (IM) fdjUTIU fatigue = 15% 1 
fititSS HHtinR fatigue truckload fntUtfi: 

V V nj 

M f = (bending moment per lan &\DFM / 1 .2)(l + IM ) 
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lj M r = (bending moment per lane 


0.499 

1.2 


(1 + 0.15) 


= (bending moment per lane)(0.415)(l. 15) 
= (0.478)(bending moment per lane) 

(b) tfffftinmtJtffmpnmffiiJmef (Distribution factor for shear) 
ntnnti 9la.cn (a), 
fdj+nti lane load Hi UlftlBtiltilB* 

DFV =0.2 

msmamticii: 

ct 

RCUlfitSH: 3.5 <5 <16 til m Mil 5 = 9.0 ft O.K. 

RTHlCUfms: 4.5 <77 <12 til m MtS 77 = 7.5m. O.K. 

Li n ’ n 




f 5 1 

ll2; 


UeJ 


ccuti: 


20 < L < 240 tilfilWti L = 120ft O.K. 


10,000 <K e <7,000,000 



( 9 ) 


f Q 1 

titsCSS, DFV = 0.2 + 


— 


V 

ll2; 




tiimfdti K= 2,242,191m. O.K. 

<n g 


- 0.887 lanes/beam 


fdfHlti design lane load Hffi. ntfinti 9la.tna 


DFV = 0.36 


( s ^ 

= 0.36 

( 9 '° 1 

I 25.07 


I 25 . 0 J 


= 0.720 lanes/beam 


titsCSS mnil lane load Hi tmfiStiltinJ CfitnStHti[Uiral3C1ji3RHll3fntititill3 titttSSffitilS 

V -VA Li 1 GU v 


DFV =0.887 lanes/beam 

4. UBjUBfi (Load combinations) 

USmHRClTlCiim, Q = q'Zy i q i 

CtiCU 11 = mR[UlttiCUSlfisi3CSiSl3fnnM?l (ductility), HtTnmCUfd (redundancy) Stiffin 
fdSlSISuCCinJfTlJ (operational importance) 
ft = IHfnCUraSR 

q t = UBfi 

ran rj = l.o M|HiupufniHBinmi3HMia1fii3Eimuii[miB8 
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igmiHian|nuuB}uBngiaHM!iJtiiinaialRi3STini3 ®b.b (a) sti (b) i miuiuJtiJtmjfi 

fits aiai |ttih: 

(a) Service I pa|jmTjRt3Xfnt3ei5antSlnt3Hamunt3t|pRt3'[Srit3 

q = i.o(dc + dw)+i.o(ll+ im) 

(b) Service III MTHlURl3Tml391[TlIBlnl3Hl3RraHl3ITTIRl3Tml3 

l_i]Li -xj c=t pi i Li i Li 

q = i.o(dc+dw)+o.s(ll+im) 

(c) Strength I £tf {Hid ultimate strength: 

RtHHtimtniUM Q = 1.25DC + 1.50DW + 1J5(LL + IM) 
fi tHHUJUIHlIUH Q = 0.90 DC + 0.65 DW + 1 .75 (LL + IM ) 

(d) Fatigue M|Hlti|RRfiaRJRl3pl3tSlRl3 strands 

Q = 0.75(LL + IM) 

(fatigue (3 ^UBjUBRClIMMM|jnUtnRnBRJfJl3|ml3mmalRl3 strands itiEU 
UIUntliriuBRHItsI Sl3 dynamic allowance) 

5. RHltifflR Sl3HHl3nRRiatHR[in (Unfactored shear forces and bending moments) 

(a) Truck Loads 

RHItifTIfi truck load: 

su 

V [ r = (shear force per lane)(DFV )(l + IM ) 

= (shear force per line )(0. 887^1 + 0.33) 

= 1.1 80(shear force per lan e)kips 
HHiinfi truck load: 

V 

M LT - (moment per lan e\DFM )(l + IM) 

- (moment per lane)(0.732)(l + 0.33) 

= 0.974(moment per lane)// - kips 
LT = dBRHITjJJdM truck 

(b) Lane Loads 

lane load UJCUHSHISHSld dynamic allowance 
V L l = (shear force per lan e\DFV ) 

= (shear force per lane)(0.887)Ups 
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M ll - (moment per lan e\DFM ) 

= (moment per lanc)(0.732)/r - kips 
Lane load nras usmsIimfmsisstitmtiicmslRrnus 

v ^ n v in v 


0.64 kip/ft/lane 



left reaction right reaction 


x ^ (120 - x) > x 

120' 


Figure 12.12 T ruck load per lane 


6. fitina’IHHiil 8t3RB1v3fflfi (Computation of moments and shears) 

(a) Lane Loads ( DFV = 0.887, DFM = 0.732 ) 

(i) 

RHnamHialtfitiBtHBiaiaa (x = o)nrjHfnj 12.6(a) sums 9I0.9I0: 
v L l = 0 ^(l-x) 2 (dfv) 

= -0^(120)2 (0.887) = 34. Hasp 

2x1 20 

nMHfni 12.6 (b), aa dfm =0.732 

M ll = 0M ( X ^ L ~ X \ dFM)= Oft - kip 

(H) ffsmmffiffrij 24 tf ns[m 

rcuir v LL aa m ll iai|nti x = 24 ft nsfHmtra 

V LL = 0 64 (1 20 - 24) 2 (0. 887) = 2 1 . Skips 
M ll = °- 64 ( 24 f° ~ 24 ) (0.732) = 539.7 ft - kip 

(b) Truck live loads ( DFV = 1 . 1 80, DFM = 0.974 ) 

inrflfnnumwimpact factor IM = 33% titttSS imasSCUtnsmHDFV StiDFM Btiia 

Ltd 151- 1 v u eu 

HS 

l 
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(i) ff8n?ff9[tf: 

nfnnti 9b. d, 

V LT = 72|j[t-x)-9.33] (prv) 

= 72[(120-0.0)-9.33] (u80) = 78 
120 v ' 

nmntt 9b. g. 

M ^.72(4(L-,)-9.33] (Dm) 

L 

= 0 ft -kip MljnUHHfilHfiBtH 

(ii) ffsmmBfffNJTAft ns ih: 

^r = 72l(l2 °^ ) - 9 ' 33l (l.l80 )=«uq» 

M LT ■ 72(24)^-24) - 9.33]^ = 121 ^ 

(c) Fatigue moment tSl{Ri3 24/1 ( DFM =0.478 ) 


nmnti 9b.nl 

M/ =72(4(L-^)-l 8 .22] (DFF) 


nttURHS. DFF =0.478 


titnss 


"/ = 


72(24X(l20-24)-18.22] (0478) = ^ ^ 


(d) Shears and moments ttJCUtJtUTICUCltJSflttjT 

y n a 

i 

uamfltiitHfntjmiinHBHBgH c w D > ynaanuntu deck aa haunches c tv s . DI > sa 
wearing surface ( W sm ) !lJtlI|Hi|fntmaiintlIHainH 1 
ttJlffifiTUlltjlGHSTHfillHm tiBIBJmritifTffi sa HHtfmHmnnimtEiJtfli: 

«=tUmw eu v n c? 

V x =W d (0.5L-x) 

M x = 0.5W d x(L-x ) 

HfiHsmnfHij 24/i ns^Hmasiaifia tuimRimBiRHiamn 


saHHaltJmunjTinjnsHstiitij w D =o.i99kip/ ft : 

V x =0.799(0.5 x 120 -24) = 28.8kips 

M x = 0.5 x 0.799 x 24(l20 - 24) = 920.4/1 - kip 
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mnti 91Q.90 St3 9l£).99 Ut3imnfiH1i3 St3HHi3ttiCUT?i!mJfi3TH1tjMRnfi[UlS1GH81i3Ri31 

l_n ~vj 6U v l~iy U xj ct ct 

1 

rnf?iJi3njntrifnmnjim^ffit£3^Hlsswtnsmnt3rams§T?i!mjQ[UTiffi?ncu?!njiffiimTQS i 

Lju Ed x) Liu Li 

mHisRHlSnnTsnticumSmgimjJiffiHfisitiJR^sBRtjms (state dot) tfiufiis tticuss 

-t i u nvJ pict cy v ' U nj 

HIStSlRi) internet utstil Washington State DOT Program 1 


Table 12.10 LRFD Service Shear and Moment Due to Dead Load 


Distance 

X 

Section 

X/L 

Beam Weight 

w 0 ' 

(Slab + Haunch) 
Weight W sm 

Barrier Weight 
WoS2 

Wearing Surface 

Wso* 

Shear 

Moment 

M, 

Shear 

Moment 

M a 

Shear 

Moment 

M b 

Shear 

Moment 

M ws 

ft 


kips 

ft-kips 

kips 

ft-kips 

kips 

ft-kips 

kips 

ft-kips 

0 

0.0 

47.9 

0.0 

55.3 

0.0 

6.0 

0.0 

12.0 

0.0 

6.00' 

0.05 

43.1 

274.3 

49.8 

315.3 

5.4 

34.2 

10.8 

68.4 

12 

0.1 

38.4 

517.8 

44.3 

597.5 

4.8 

64.8 

9.6 

129.6 

24 

0.2 

28.8 

920.4 

33.2 

1,062.1 

3.6 

115.2 

7.2 

230.4 

36 

0.3 

19.2 

1,208.1 

22.1 

1.394.1 

2.4 

151.2 

4.8 

302.4 

48+ 

0.4 

9.6 

1,380.7 

11.1 

1,593.2 

1.2 

172.8 

2.4 

345.6 

60 

0.5 

0.0 

1.438.2 

0.0 

1,659.6 

0.0 

180.0 

0.0 

360.0 


‘Critical section for shear 
+ Harp point 


Table 12.11 LRFD Service Shear and Moment Due to Truck and Lane Loads 


Distance 

X 

Section 

X/L 

Truck Load with 
Impact W Lnt 

Lane Load 

w LL 

Fatigue Truck 
with Impact 
W, 

Shear 

Moment 

M lt 

Shear 

v u 

Moment 

Mu. 

Moment 

M, 

ft 


kips 

ft-kips 

kips 

ft-kips 

ft-kips 

0 

0.0 

78.1 

0.0 

34.1 

0.0 

0.0 

6.00' 

0.05 

73.8 

367.8 

30.6 

160.2 

165.0 

12 

0.1 

69.6 

691.6 

27.5 

303.6 

309.2 

24 

0.2 

61.4 

1,215.0 

21.8 

539.7 

535.8 

36 

0.3 

52.7 

1,570.2 

16.6 

708.3 

692.7 

48+ 

0.4 

44.2 

1,778.9 

12.2 

809.5 

776.2 

60 

0.5 

35.7 

1,830.2 

8.5 

843.3 

776.9 


'Critical section for shear 
+ Harp point 


7. MRflRHJlSIGtJ bulb -tee 1|]Jf1i3|fflt381t30i3 (Computation of moments and shears) 

( 1) (Selection of P re stressing Strands) 

Service-Ill. / fo H: 
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_ M d +M s | M b +M WS +Q.8 (M lt +M ll ) 

J O q ^ 

b ^ be 

itiEU M n -HHt3SHS^CUtJ3tUtnsmti[Ul, ft-kip 

LJ i) t/ di vt ] </ f 

Me =HHi3tt3tUtnsmti[Ultt3CUtJ[imCUnSHSRTH1CUSi3 haunch, ft-kip 

*J U ^t. i n ty Lj •> 1 

M h = HHtitJiJIStutuCUffIStHtihJI, ft-kip 
M W s = HHvS wearing surface iuCUrTISiHnhJl, ft-kip 
M lt = HHi3tJSR truck ttfnjmmmm ft-kip 
M n = HHti lane load itiEUfTlSramUl, ft-kip 

l jl j JJ \sb ] v I 

H1WRHS, S b = 14,915m. 3 


S hc = 20,090 in: 


nmnti 9I0.90 sti 9I0.99, 


mn service load R 

1,438.2 + 1,659.6 


fbc = 


14,915 


/ x 180 + 360 + 0.8(1,830.3 + 843.2) / > 
' ' + 20,090 ^ 


= 2.50 + 1 .60 = 4A0ksi(T ) 

marsfita 4.10 ksifr) si 3 Tn!tnswutJtnm£]imRHimraRi 3 T?niai fimmtisiniHsmifiHfi- 

1 Li v / L»u 1 EU Li 1 Li 1 U ~o 1 tTl 

mm: 


f t = 6.0 rjf'cpsi = 6^6,500 = 484/?« = 0.484 ksi 


Hl3Tml3Ml3ntraRi3T?Tll3HmJmnsiT?it3MnM8imTfriHtJt3fi: 

1 U n U 1 U Liu Li Li l 


feb = (4.1-0.48) = 3. 62/a7 

Msntfii 3 mmnsTtj^sHsrarjiJlmmRi 3 T?nms 1 fi 3 nri 38 imTmHiJt 3 ?i= 0.05/7 

'/fc zs Ll 1 t/ Li l Li Li 1 


= 0.05(72) = 3.6m. ffifi 4m., tiGiSS e c = 36.6-4.0 = 32.6m. 


tHjtminitsimigmumilits^nR 6 

in -v « c^k 1 


TJ U 1 -o 


f bp tt3ojunjiicuni|iJfil3|?ril3 =-^~ 


ti 


ftp = Pe 


P e x32 - 6 = 3.62ksi 


767 14,915 


Pe*e c 

S h 


IffiUSSCUtilS P e = ], 031 kips 

fjsfifiurimTtjm 3 T?fii 3 rijm= 25% 

vt. Li 1 Li ] 

= 1.037 = l3S3ki 
1 1-0.25 
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MBHinj 7-wire 270-K low-relaxation strands 0.5 in. ( A.,„ =0.153 in. 2 ) 

v^> Li n U- pS 

s ^ 1,383 

GSSRTHffTinS strands = = 44.6 strands 

“ u 0.153x202.5 

umtlinfrUHSlR trial and adjustment, rai3fmRnJ|l3HSmmt3EUH1S 48 strand titmtfim 

u in *' e-J i v in -o 

ISlRUJUS 910.901 1 islintu strand fitstili348 l§§jfil3|?Tll3SinilSl|Rt3MnM81l3t|friH 
tanfTlHmn service load GtiliimiTmtiHSmiRHRmHl f f =484psi 1 Strand QSS 20 
Tfiltns harp ISlTRti 0.4L 1 titslSS 36strands ISlJRnfnmfiiitSlmitSH aHtUJUS 9l0. 

LiU Li U DLictctTj 

9CT1) 1 


No. 



2" 


11 spac. 
@ 2 ' 


Distance from 
bottom (in.) 
70 
68 
66 
64 
62 
60 


Distance from 
bottom (in.) 

8 

6 

4 

2 



At ends (e e = 17.28 in.) 


At midspan (e c = 29.68 in.) 


Figure 12.13 Bulb-Tee Prestressing Strand Pattern 


nfdHfiRH, c h = 36.60m. Wlttf c, = 72-36.60 = 35.40m. 

e e =c & -[2x70 + 2x68 + 2x66 + 2x64 + 2x62 + 2x60 + 4x8 + 8x6 
+ 12x4 + 12x2]/48 


= 36.60 -19.42 = 17.28m. 

e c =c b - [2x12 + 12x4 + 8x6 + 8x4 + 2x10 + 2x12 + 2x14 + 2x16 
+ 2x18 + 2x201/48 


= 36.6 -6.92 = 29.68m. 


f pi =0.15fpu =202, 500psi 
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P t = (48X0.153X202.5) = 1,488;%? 

irmtmntiiHaiHBffnfJfTm step-by-step rawmmmTtjfimtnti tiBtBlntitjrm m il%3.9 

U 1 n v j.-'j. UiUycty ct 

RunRutiininarsniaMiuTRftnBnnnmihmHiBmHiMBti 26.4% 1 

U 1 U 1 Lru ru ^ 

f pe =202.5(1 -0.264) = 149.0fo? 

P e =1488(1 -0.264) = 1095.0 kips 

( 2 ) [ft fins qj fitf [mtirtiflf msmfimuftjm?) 13 (Check of Concrete Unfactored Stresses) 

(a) naynmsiincut^ 

tjufttitinauJH f pi =0.7 f pu = 0.7 x 270 = 202.5*3? i miHBfnnHfnMBHtsinunn 

till relaxation i3His1inwii3i|una|snainBmin[mn 9% ts1io% 1 ijtjfTnmn 

tiara 10% tslmi f pi 


P t =0.90x1,488 = 1,339 kips 
titstSS P t =0.9(202.5X0. 153 X 48) = l, 338 kips 
(i) Hsmnintiaui 

nttofi (s, MHfTlJ 4.1(a) 

Mi 


f = — L 

K 


P. ( p c ^ 
’ ] _ 


V 

1,338 C 


r 2 j 


1 D 


767 


1- 


S r 

17.28x35% 


V 


fb=—r 

A, 


1 + 


c V 

1,339 

767 


e e c b 

r 2 


111 

M 


- 0 = -0.25 ksi(c ) . HBiamimra. O.K. 


D 


1 + 


17.28x36.3 

712 


0 


= 3.29fc?z'(c)< Rti|maHBtTnn f c = 3.48 ksi 
(ii) Hsmemcuncutcuti 

x y 1 in o 


O.K. 


f=~ 


1,338 


161 


1- 


29.68x36.60 

111 


1,438x12 

15,421 


= 0.917-1. 119 = -0.202fcsi(c), HSHISttimaffiltimETl, ytltSi O.K. 


fb=~ 


1,339 


767 


29.68x36.6 

111 


1,438x12 

14,915 


= -4.513 + 1.157 = -3.356fai(c)< Rt3{sflt3HSCTllf1/' d = 5.50fcsi O.K. 
(b) naynmsltntu Service 
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(i) HSfnHfflimnnnjia 

v 1 tn 

ntjHR d, MHfTlJ 4.3(a) Sti 4.3(b): 


r t 1 e 

‘-a- 


P- (■. e cCf 
r 2 J 


M 


— < f 

t ~ Jc 


e c c b 


Mn 


* ft 


r J J cb 

<in O ct c* V Li l Li 

Service-I 


f=~^- 


P f p n ^ 

° \ _C^t 


V 

1,095 f 


r 2 J 


M d +M s 


M W s +M k 


' s' c 


767 


1- 


V 


29.68x35.40 

712 


(1,438 + 1,660)12 (360 + 180)12 


15,421 


62,950 


- 0.679 - 2.41 1 - 0. 103 = -1 .835fai'(c) 

< fitifSnaHBrmn service f c = 2925 psi O.K. 


fb=~ 


1,095 f i , 29.68x36.60^ , (l,438 + l,660)l2 (360 + 180>2 


767 


712 


14,915 


20,060 


= -3.605 + 2.493 + 0.323 - -0.789fai(c) O.K. 
( 3) Including stresses due to the transient lane and truck loads 
im|pmR[ui 0.80 M|Hiumiflinuan Type hi c mnti ©ta.ta a) 


f = -1.835- 


0.8(1830 + 843)12 
62,950 


= -1.835 -0.408 = -2.243fai'(c)< Service IIII f c = 3,900psi O.K. 
0.8(1830 + 843)12 


fb =-0.789- 


20,060 


= -0J89 + 1.279 = 0.490fai(r)«Ri3tmaHBtTnH f t =0AS4ksi O.K. 
(4) (Concrete stresses at top deck fibers) 


(i) Service I 

ts ’ = M ws + M b = (360 + 180)12 
fc ~ S l c ~ 55,284 

= -o.ii7fai(c)< Ra|mi3HBtTnn f c = 2Aksi o.k. 

(ii) i]TTlHtJSRHRi|StlJ SR transient lane Si3 truck load, Service I 

rtS ' 

Jc ~ " 


-ts MwS+M-b 


M LT +M LL 


S l c 
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= -0.117- 


(1830 + 843)12 


55,284 

- -0.691 ksi(c)< Ri3|mi3H3CTnS1 f c = 2Aksi O.K. 
(5) ntiTtntimtttit&NJtNmtitTmffmNisB. Service iii (tSnrijtma tri) 

/ Li / Lj c* 


fb= — T~ 


V 


e c C b 

r 2 J 


M d +M s (M ws + M b ) + 0.S(M lt + M ll ) 


5 be 


1,095 ( | 29.68x36.60 ^ | (l438 + 1660)l2 


767 


712 


14,915 


[(360 + 180) + 0.8(1830 + 843 )]12 
+ 20,060 

= -3.605 + 2.492 + 1.603 = 0.490ksi(T) 

= mnmaHsmrm /, = o.484te' , o.k. 

l U i m J 1 

( 6) Fatigue Stresses 

lrfd nniintsiifflnaHnaraMRarsnaMamiJnranmninuaRHBiTam aaininarfna m 

ct 1 Lj n n rfj [_ri U i U 

nBmunfn fatigue uinjn8TUMarani3Tmi3MaHnBtiii3Ri3Tsni39itTiHnniHiiauBRHitsi 

i run U i U n v l U 

111 tUtR fin fatigue: 

tirnss M|muinngRHtjam r (m lt +M LL )/s t c jjnftnsmmGni 
1 


fb = -~r 
A c 


P ’ ( - e c c b A 


V 


r 2 7 


M D + M s 


M W s + M b 


5 be 


= -3.605 + 2.492 + ( 360 + 180 ) 12 = -0.790 ksi{c) 
20,060 v J 


O.K. 


nffinil ©b.®0. HHil fatigue M f = 111 ft - kips 

Raima fatigue mnnfs1|§iafjnfii8iaf|friH 

0^^.75x777x12 ^^ 

S bc 20,060 v 7 

uJimtmi rimaiB 0.348 = 0.696 <0.790faz(ft3tutiinarfriafjafi) tiBiBMRHB|fifRU 

l u n V Lro 

|RRnBfiJ fatigue 19 1 

nmiRniiaiiwRHa RiiMnnRniimRiinRuiaiaR o.k. tsItufistifiSua sacunsan 

i O n a a v a a 

service load 1 iBHT^imiMRnRimaiinBtlinimrTRUTmB IR|RiR[IilRMMMtiuiagR 

O 3 Li U Ud 1 n 1 1 

fuOJHIHHISfUTHIHEUfiStin overload 

U a a 

flBiasiRmtnBMRpHimaimBmnnnjimalintiitnR flBmawjunma1ign8iai|fnH i 
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RiiwRnRimmwimHinBRiiwRnfiMmRHiaRifi RimjnKTUWBiumB) sti 

O 1 v '-J cu V u 

serviceability tftsHISiSlRtigS'lUlinfi ©b.b 1 
8. ttMMiaBinpm (ultimate strength) ( fiTISfnflRtUlfitSfnmfi) 

(a) ffffti9U9tUHVtlltUttilti nominal (Nominal flexural resistance moment) 
nmnti 9lQ.l£](a) Sti (b) HthttHfiimMJUMUnU strength I Load: 

M u =1.25DC + 1.5DW+1.15(LL + IM) 
nmnti 9 I 0.90 

M u = 1 .25(1438 + 1 660) + 1.5(360 + 1 80)+ 1 .75(1 830 + 843) = 9316/7 - kips 

a , M 9316 

IIMMl3flTHfRU =— ^ = = 9316 ft -kips 

' n u n (j> 1.0 

RaimaHtsjHialnaliJmpRaima isiincu f pe > 0.5 f pu nhiHmi 12.9 

f ps ~~ fpu 

MTHiunimniuMumafniMan. mRiiMMtiiamiManiuMRTHini /’ _ = 4.ofai 1 

U eu n in n 

k = 0.28 hi [inti low-relaxation steel 

d p = (h- cover toc.g.s.) = [(72 + 8)-6.92] = 73.08m. 

b = 99l3hnUIl3RlIMtiRTTlMgmn = 9-0" = 108m. 

su n U 

A = 48x0.153 = 7.344m. 2 

fpu = 270ksi 

nfiJHRU 12.10 

Apsfpu + A s fy~A' s f'y 


( \ 


4 ? 

l 

■+ 

p 

1 -k±- 

ttiEU k = 2 

l d p) 


V f P U J 


c = 


0.85 fffrb + kA 


f, 


pu 


ps 


d t 


7.344 + 0-0 


0.85 x 4.0 x 0.85 x 108 + 0.28 x 7.344 


270 

73.08 


= 6.20 in. < t s - 7.5m. 


a - P x c = 0.85 x 6.20 = 5.21 in. 

titnss, HRiimRMRiBiRtitmu itfimiRtjifigRHSRifimBntitjiBfiiRiim i 

V vJ Ct su 11 1 

IJfilhJiiluRPitlJlSIHtSJH / (average design reinforcement strength) 


mmftpnanmnpstmttmtjdifAASTHo sUlrfd 839 
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f 


f ps = 270 


1-0.28-“° 
V 73.08 


= 263.6 ksi 


HHa9ugnifnirmuiina nominal m,. = a„j„ . 

ii n r ps J pcs 


2y 


f 


= M =7.344x263.6 


5.27 


73.08- 
V 2 


Vj_> 

Al2y 


= 11,364/1- fops >UWeUi3R[HfRlJ M n =9316 ft -kip O.K. 

— <0.42 filTHIU ductile behavior Ititmifuntfralniauifi 12.3 Si3JUS 

d e L J 7 “ 

9l£).901 

>9 *0 , r f \ 90 

RtHtfimwaiUM — = — — = 0.085 < 0.42 O.K. 
d e 73.08 

(b) fufiHUJUktfl (Minimum reinforcement ) 

flBfnmtnnuiBinaitin 12.3.4 lEJnHumjHimJHisnwrjasuscijmrneimaiasiQtiiam 

v U ct ct eJ l»u in n v 

nt3QmmHi.2M cr yiJSM^njsiHsiJttliffiusjusRiilnjmuHslRwsi ihrj flowchart 

jus 9io.9o sttRintf 9I0.90 stf 9I0.99 1 

V 

fr ~ 7-5 ylf'c = 7.5-^6,500 = 605 psi = 0.6ksi 

f„ = naTfnt3rjt3mSiuunjncuumunnunl3Tmt3TuSsfnnis1marjjjrj8il3i;TrnmStiJTSiJ 

^ Lc 1 U n n Li 1 Li Li e? Lj Li L»u 

tnBnimmalniauin 12.3.4 


ot cfc 


f = --L 
J ce , 


1 


V 


e c C b 

r 2 


= -3.606 ksi nitURHB 


HH13 non-composite M dnc = M D + M s = 1438 + 1660 = 3098 ft - kip 
S bc = 20,060m 4 
5^ =14, 9 15m. 4 
HfilHRIJ 12.13, 


M cr ={f r + f ce )S b -M 


dnc 


S bc 


-1 


/ ,14915 

= (0.6 + 3.6)-^^ -3098 
v ' 12 


y u b 

f 


20,060 

14,915 


-1 


= 5220-1069 = 4151 ft -kip 
l.2M cr =1.2x4151 = 4981/1 -fop 
1.33 M u = 1.33x9316 = 12,390 ft - kip > 4981 ft -kip 
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tiiiiBs KtHHtstiiainniaBiniriHHHtimariin \ .2M rr = 4981# -ftp i 

V m V ^ V ca«/x 

M n UM r =11,364 > 4981ft - kip O.K. 

9. Prestressed Anchorage Zone 

IRHUilBl anchorage zone reinforcement UhmitJJfitntilBlfiti strand HBBtifnntiJ 1 
LRFD specification SIHSUttl bursting resistance P r HS "[n f SiTS'uT-b 4.0% iSn dllliSl fitl strand 
F nj HBintUltil to 

f pr =f s A s >0AF pi 

F pi = 48 x 0. 153 x 202.5 = 1488 kips 

P r = 0.04 x 1488 = 59.5 kips 

t|URr3]tni3 f s f Sin tS anchorage reinforcement iutUHSRtjltl 20 ksi 1 

manttintHimi = 59 . 5/20 = 2.98 in. 2 

Li vJ & L17J 

fiTIREUjti closed tie #5; A s = 2x0.31 = 0.62 in. 2 
QSSJtJfj tie = 2.98/0.62 = 4.8 

w 

GHimtotmfiftflR anchorage reinforcement HQilRH =77/5 = 72/5 = 14.4m. 

tr Uu *— 3 i ot 

ITU closed tie #5 totflSROriR 3m.luEURRnHRnslHfil tilHtllSi31EjRRr3SHfUQlUi;^H 

U iJ vJ u u n 

ISlQHItll 2m.nQt3RH‘1 

is 1 ofc 

matJis: 

ct 09 

BBWmfimiMRJlHUJlBl bulb -tee bridge M|tnumirintJIttH3 1 
H1Btlimm:inmitlIfn IRtnilSfrUMnnHIlilBIRmamn. interface shear transfer BtiTnHnBHTmn 

s-o-oLtuc^Osu Liu eJ 

tfltl S13 camber tomiMf^RimBlBiaiBJHlBIBlnaEIBltmim 9b.b 1 

919.90. miMRnmmmfitntifnri sttfncitfiu lrfd 

XJ cu 

LFRD Shear and Deflection Design 

Qfflt/linfi hJRJlRtinSl web shear reinforcement H|tnu bulb -tee beam talfitiqBltimm 
9b. 9 IBiTfltiHSfTimTtnJthmmiBTH Si3 interface shear transfer reinforcement ISilRil 

Li i Li ct &J Li Li 

interface plane lfiaH8fnHt51R|jmn BtiR|H1tlIIUHat5imBlBamaa i luimitijatiintsiiRfnntJiu 
MmainaftJBnimHHBtmRUHH i 
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dtnmgffmm : 

1. mjltmnmweb shear 


4> = 0.90 


e e = 17.28m. 

wifi web steel ISitHCU V u > 0 .5^(v c + V p ) 
gmaiuMHsmmTmsiJiRnmHntiiainnaBininH o.5ri t ,cot<9 u d v 

1 U ct tu ct V -nx V 


d e =d c =h-e e = 80.0 - 17.28 = 62.72 in. 


dy 


d„ - 


= 62.72- 


5.27 


= 60.08m. 


- 


> 0.9 d e = 0.9 x 62.72 = 56.45m. 


>0.72/? = 0.72x80 = 57.6m. 

= 60.08m. CUU lt3lffifiJIJ!llitj1l3mRl3f3l[UnHmHS1l3U 

V l ct tu 

MSfi 9 = 22° MTHlljmJfiJmCUimSRSHtlJ 

Li E»J xi 


0.5 d v cot 6 = 0.5 x 60.08 x cot 22° 


= 74.35 > 60.08m. ffifi d v = 74.35m. W|jmmfms1m3MBfT1J e x 
ttJirafirumHssisfianfissiirarj support bearing, wgsitfifi=o (CURon:rij!rifnn) i 
titslSS H8mmTrilit3lfiMTH1tjriH1l3fTl?iriMms1ljH1ffi74.35m. = 6.2 ft HSTH lltiEUHISmB 

U 1 Li ot Lj tu in e/ ‘'Ll tu 


Gtilti d„ = 60.08m. ttiEUSIHSIBtimi LRFD AASTHO 1 


X 

L 


6.2 

120 


= 0 . 05 L 


nttSs^H 


nfJHfTlJ 12.23 


V C = Pjr ~ c b v d v 

/jmfrilmfTiJritinsitjiirasi nMHfriJ 12.27 mmtJTHtunamfti s x 

e-J eu > L»u o Li Li Liu lJ 

eSD 

V\ 


M 


— + 0.5N U + 0.5V„ cot 0 - A f 


psJ po 


£ * = 5 

tslfsiiraia 0 . 05 L . nmntt 9 lo.£ 

Li tu 


+ EpsAps _ 


< 0.002 


M u = 1 .25(275 + 3 1 5 + 34) + 1 .5(68) + 1 .75(368 + 1 60) = 1 802 ft - kip 
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RHntimmtitiJTflJm: 

CU Lru ct 

V i( = 1 .25(43 + 50 + 5) + 1 .50(1 1) + 1 .75(74 + 3 1) = 323 kips 

n„ = mnaiRaHafnaialrntiuti o.osl = o 

M CU 1 Cl Li ru 

f po = jacking stress = 0.10f pu 

f E „ 0 ^ ^ 

= f pe + ce ps ms imnsranfiiMaa / iBtStmntiWMfnmn 

E c 

fee = R^L^ M ^ m ^ 1: ^L R ^t U ^ S ^^ ra ^^ 8rn ^ fl!H1fl3t ^ imfirin t Uf ? t3 t^ t3 

V 1 Lj w 

OUlffin c.g.c JUWHSfTinWinMigl c.g.c IUMH8fTlHfflRlfmU 


c'l = c bc -c b = 54.6 - 36.6 = 1 8.0m. 
IBlptiHSfnmtjmglfi e cl =18.9 in. 
HEjfUHSfTlfi 


Si=^-= 545 ,’ 894 = 30,327m. 4 


[a 

Cl 


18.0 


e e = 17.28m. 


r 2 = 712m. 2 


f = 5- 

*7 4 


1- 


V 

1095 


Ml 

r 2 y 


(M D +M SD ) 


767 


1 18.9x18.0 ^1 (275 + 315X12) 


712 


30,327 


= -0.746 - 0.233 = -0.979fai'(c) 
1095 

pe ~ 48x0.153 


foe = 


= 149.0 ksi 


E c = 4890/c.sv 


V u = 323 kips 


M u = 1802k/p - ft 

A =48x0.153 = 7.344 

f po =0.70x270 = 189 ksi 
1802x12 
74.35 


0 + 0.5 x 232 x cot 22° - 7.344 x 189 


2[0 + 28,500x7.344] 


= -1.935 ■ 10 “ 3 m./m. < 0.002 O.K. 
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(b) 


mmam 


UJimWlimHIUMUlTHUTHtlina f.ialTRtia^BBTUfiBHBIUMIlJRHJtiHia IRTfiilR 

OJ Li Liu A U U U 1 t/ M- L/U 

MTHtlimHIUMflUJimiHRim F. 

uu cu i c. 


F e = 


E ps A p s 

E C A C + E S A S + E ps A ps 


hjus 9b.®o atista.sta. h = 80/«. 


A c =26x6 + 2x0.5x10x4.5 + 6 


F,. = 


0 + 28,000x7.344 


f -(6 + 45 ) 


= 0.101 


= 378 in: 


4890 x 378 + 0 + 28,000 x 7.344 

uitHutHtunainjmnRtHf s x = (-1.935 ■ io _3 )(o. 101) = -0.194 ■ io -3 <0.002 o.k. 

II (Veil tin tT/tihlfi ( web shear) V r , nfmJfTffi 9- B 
V u = 323 kips 

HfiJHfnJ 12.15 (b) 

{v u - <pv D ) o , . . 

RatRiaRHiamR v = — — u3tu^ = o.90 raTHiun'miamfi 

1 L “ </b v d v L 

fitHIUM f np tatnBRBltilW f np = 149.0 ksi 

eu J /xc «/ L/C 


ras ©b.sti utfimnu w JUfjmmranmfntiGss 12 

V in -o 1 ' U 1 U u 

sin^= ^ 65 ~ 15 ^ =0.086 
48.5x12 

RmiaraMIlJRI|URi3|RiailJtlI harp =12x0. 153 x 149.0 = 213.6kips 

V p = 273.6 sin yr = 273.6 x 0.086 = 23. Skips 

— 0 9 x 21 S 

ummURHiymsimHlmj v = = o. 75 fa; 

1 U eu Liu 


0.9x6x74.35 


r\ nr 

tiUJttifU = — — = 0.115 

J f'c 6.5 


mujurj s r iStutnsnmmiu s = -0.194 -io~ 3 in. /in. 
umtumujurj s r sttv/ r r ifflntiRina ©to.cJ 

If. CU + “l ct 

9 = 22° (RtHMBRIUM 9 = 22°) SSCUtURtflS 

eu ^ u 

B = 3.10 (IHRimilJniUiJUnritllBfnniUM compression strut UIUfitilTUSHtifi 

' l in a 1 -va i U n 

TSti RtifUJUrnSRHlUSini) 

L ju c* u>- cu ~o 

tiGJSS V c =0.0316 J3fffb v d v 

= 0.0316 x 3. IOa/6^5 x 6 x 74.35 = 1 1 \kips 
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(c) H ( Selection of web reinforcement ) 

nrjHfnj 12.26, THHnaHTiHtiitsiiRinTnifnifiJRRauHH maaratti TtJMattJ 

l_nj U Utj -\* u 

V u > 0.5 f{y c +V p ) IRfnilJUUjRRti 1 


0.5^(y c +V P )= 0.5 X 0.9(l 1 1 + 23.5) = 60.5 kips < V u = 323 kips 


tiBIBMRTKilTtfftiRRti 1 

V Uu u 

WMM^RHiaRIRIUMIlJRRTHfRII V. 

1 n tu uu ’ 


V 

—-v c -v„ 

<j) c p 


" 323 ^ 


85.1-23.5 = 250.3 kips 


nfdHRJ 12.25 


cm , o , ,0.0. ^vf yd v COt 0 

nMMi3RH1i3R1RIUMIlJRUJtlIinBina v.= - 

l n tu *> g 

WlRWJtiUjRRti #4 , A v = 2 x 0.20 = 0.40m. 2 


titslSS 250.3 

V 

itrmsscutns 


cot 0 = cot 22° =2.457 
0.4x60.0x74.35x2.475 

s - Y1.1 in. 


u 

(i) H (113 64 u n n 13 H S C1T1 n H B U J HI (maximum allowable web stirrup spacing) 


0.10 f' c b v d v =0.1x6.5x6x74.35 = 290 kips <V U =323 kips 
titsiSS RtUlRHRtJJHl 5 = 12m. 

V 

ftJMSra 0.10 f' c b v d v >V U ISliHElTIRHHHJHl s = 24m. 

(ii) (transverse reinforcement) 

A v lift = 0.0316 fff^- 

J y 
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( 

= 0.0316V^5 

v 


6xl2^| 
60 , 


= 0.10 in. 2 / ft 


ifmtinrni #4 ttjtumsRtuiPi i2m.B?inHRjtslHRj ttPffiRtuimsimstsjtifnH 

mamtintmi 

Cl 0 


(iii) H fil M 13 n bi ll fTl ti H B U J tTI (maximum shear resistance) 

^Ht1TISinl3T?fll3tSiRl3TSSiaHSraRHSintUltlRRl3mfriJtltU yield CUSTRliR 

w 1 U ct U i i 0 *> i U 

(V n -V p )<0.25f' c b v d v 

\y n -V P )=V C + V S = 75.0 + 260.4 = 335.4&ps 

0.25 f' c b v d v = 0.25 x 6.5 x 6 x 74.35 = 125.1 kips > 335.4 O.K. 


2. Interface shear transfer 

(a) HJfjptmilfft dowel reinforcement 

MBHtjiH8rnmrm*tSiRMTinuitiiRini3mHniJBmai3Rini3fTiHumTnalTSitiuti o.osl 

-a» I Li <=* Li <4 cu y c* cu cuJ Li tu 

m^s[H i 

nUSjUSR strength I: 

V u = 1.25(5.4)+ 1.5(10.8)+ 1.75(73.8 + 30.6) 


= 205.5 kips 

d v = 74.35m. 

T/ 205.5 

Vuh = 7435 =2J6kip/in - 

t/ o n /: 

RHlUfTlfi nominal RTHffTlJ V„ = — — - — — = 3.01 kip / in. 

" u tf) 0.9 

nfilHfTU 12.32 

RHItifTlR nominal iStllHIGlRRHIS V n = cA cv + ju[A vf f y + P c \ 
MTHItiranailJtlltslRIWraHala fiimStitflS interface contact HS1TRH 

U 1 in U 


c = 0.015ksi p = 0.6 

b v = SSi3 contact ifianpitUSim = 42m. 

AfV = 42.0 X 1.0 = 42.0m. 2 
in. depth 

titttSS 3.07 = 0.075 x 42.0 + 0.6^ x 60 + 0) 

Iffitisstutns A vf = 0.0 in. 2 /in. < A v = 0.40m. 2 fafifimjmjltafflBHtlTin 12 in.c / c 1 
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nnntmmwminJlIB* tfiHStSltnm|p special additional dowel reinforcement IS 1 
ms LRFD RTHltal TtlMSTOSSU b v > 36 in. IfiTHJfTUUJfi bar GSS 4 til dowel reinforce- 

l n Uy U V Lry u 

mentl titilB* ltd dowel #3QSS 2 itiEUHlSfiE'm?! Ylin.dc ulBHniiBltiRRaumTI #4 

y Lj u ^ cuJ 

itiniHiBntinn mn.dc tttajtns A vf = 0 . 62 in. 2 / ft 1 

(b) dowel reinforcement HnUFtfl Stiff iff iff &7 


f' c = 4.0 ksi M|HlUranaR[jntlI (deck) 
RHiamn nominal tilfilMti V„ = 0.075 x 42 + 0.6 


0.62 


\ 

x60 

12 J 


ClfiJHmJ 12.36(a) Bti(b) RHltifTlflHBETTlSmflmtn 


5.01 kips I in. 


0.2 f' c A cv = 0.2x4.0x42.0 = 33.6 kip / in. 

namnjimtirii fiHntimtmBnTiniiitiitifiHitifnn v„ , o.k. 

ct m 1 m m n 

3. ttimtnrntnJiUjmmtntJLRFD (LRFD minimum longitudinal reinforcement ) 


!tinui[ijnmiBlTRiaH8fTinnHBHm9STiHni[inim![iii3TRimrimMHmi 12.29: 

n Li 1 ct w nc^Lry 


^ sfs ^ psfps — 


Mu_ 

dy(f) 


■0.5^. 


— -0.5V S -V„ 
.</> P . 


cot 9 


nmnti 12.8 sia 12.9 tsljjm x = ons|H. 

V u =1.25(47.9 + 55.3 + 6.0)+ 1.50(12.0) + 1.75(78.1 + 33.9) = 350 kips 
v s itiwitimnituftinna #4 = 260Akips 


M u = 0 
N u =0 


titsia* 


cot# = cot 22° =2.475 


M 


N„ 




— - + 0.5 — — + 
d v </> (/> 

= 0 + 0 - 


v 


— -0.5V v -V„ 
(j) s p 


cot# 


350 

0.9 


- 0.5 x 257.5 - 23.5 (2.475) = 586.2 kips 


QssrarjiE3m|uni3[fnt3^ms1[Rtis[H=36 


BBBIUMltimpntitmtiltiWdrap =12 

n9TnMnifii3utiira*MBRtiiHmBi3fTimraRi3TmaiBlni3iu9 9 I 0 . 9 &! BHimiuMBrawm 

Li e» ru Li v/* w Li 1 Li o* y ty Li e» 

9[H = 6 + 4.22 cot 22° =16.4 in. ftiHJ strand CmmsI^GHltH 6m. CTttinjfjSjlJ 1 


mmnpffn/iffjansmfftimddJfAASTHo sXlrfd 847 


7 ’. Chluiy\ 



Htm1sjicijcifij(uiam!cij 
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tsHItiltimS = 60 x strand diameter = 30 in. 

M- 

ttJMSfnn f pe 

16 4 

titttSS tun /„= 149.0x^ = 81.5^/ 

" p 30.0 

MTtntifnmTTiHUTfniaiiJciJ drap Bitit w fmmrasislntiras 9la.9&! mnmtiiHrasti 

Li Lj]Li A ctLictTJ cty 

strand ISltsBIffi = 140m. filtiBTH (HirnmnnaniimHITRIBlRtilUG 1 titslSS 

<s & Lj U ct v i) 

inHitsmnipnaiinapMgmmi^mfitHiTiuTiniTiiintii f pe =149.0 1 

AJ s +A p J ps = 0 + 36 x 0.153(8 1.5)+12x 0.1 53(l49.0) 


fitinsi camber aamni^uiuMnHiJtiiiJwtnBntnnumtitiiHn aauiiifmBlnaEimummtii 

c* TJ iJ U 1 -o ct * 

iraBiBinaflrm rii 

U Ct v 

1 

nmntimntfiuisIfitiiuB m.S 


= 443.4 + 273.6 = 717.0 kips 

>586.2 kips fimas iRHBTfifRiiuJRUtnmmmBHiB i 

1 v Lm no. 


4. trm&W ail camber 

(i) ffintjlUfllff yrtiwm/jpwnusmffr fSHJ ( immediate deflection due to permanent loads) 


mniJlURIUntllltllti S = e r + (e,-e r )~- 

n o’ or J L L ' Q r 


8£ c 7 g [ c ve c/ 3 ]} 



2 


j_ ^ k ( e e~e c ) 


E c l g |_ 8 24 


ngsiuijtifi 9 la. 9: 


e r = 29.68 in. 


e„ - 17.7 in. 


w D = 0.119kip I ft 


Pj = 1488 kips 


E ci = 4620/c.v/ 


E ce = 4890/c.v/ 


7 CC = 1,095,290m. 4 
w 5+/ , = 0.922kip / ft 

^barrier =0.300kipl ft 

A c = 767m. 2 

= 14,915m. 3 
S f = 15,421m. 3 
7 C = 545,897m. 4 
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8 i 1 

4620x545,897 L 8 24 


1488(120 x 12) 2 f 29.68 (17.7 - 29.68)' 


= 1.22(3.71 - 0.50) = 3.92 in. T (camber) 

w D RUHR! in. = 0.799/1 2 = 0.065kip / in. 

5„L* = 5(0.065X120x12)* = 144|>a 

384 E ci l g 384x4620x545,894 

w s+h = 0.922 kip / ft = 0.077 kip / in. 

5(0.077 Xl20xl2) 4 
u 384x4888x545,894 

Wb a rrier = 0.300 kips / ft = 0.025 kip / in. 

5(0.025X120* I2) 4 =026 . ni 
384x488x1,095,290 

(ii) JTinfflUfnffVtuflJUflJTICUnUSfiUtflJllo HI FJS (immediate deflection due to transient 

' 7 m n & n a ' J 


ai a v c? U 8 

TtnMitjitiiB* i mtimniftiitimaimiti tfiTRfRiimnMTRRRiBiRSMi iraumBatri mn 

U c? Lru ] u n V 

i^u!iJnitnBnmiHnjiaiHit38MnmniJiu^mMat3iai*ti 30% isl40% HirwmBtiHstij 

l ci tu U v r 

IHBTlWBJTJWnJRti BaBBlRgBiaifltiRtiTfliti BtimTHUTHroniaiBtTJITJMIURti S13RTBR 

vJ i i Li Li Liu U ] Li 

MTRHmniB'JSiiJtiiiTunafTiraimBi i 

1 U u ct 

ISnimaifnniJiuaiaiifnHrifinR ri step-by-step tlfiiHJHjRti 

tUiRlBRlJtflRUBR 

. PCI multipliers method 

# Incremental time-step method 

# Approximate time-step method 

nras 9la.9l£] iBlnagmumm bbbitjmbhmib =6 witness lane = 4 

V •=* u Ot n U 

DFD = IHRniiraa!tiRM|HlUmtllJlU 


loads) 


iflannnRiuMfTiniJiuliJtminjntiiriuBRHitsi = l/800 

Cl e* 


Cl 



= BBBIUM lane talBRltfimBBBBH 


u u <=* 


= — = 0.667 lane/beam 

6 


mmnpttanmapatmanj^SirAASTHo sijlrfd 849 
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fiHiBninnniMfHfnntiiatilHmaafTinTUlHHniiluaitiRHHti dfm = 0.732 1 

8 1 U U 1 V 

Design lane load W = 0.64 DFM 

= 0.64/dp / ft( 0.732) = 0.468 kip I ft I beam 
= 0.039 kip / in. / beam 

S LL = — = 5(0.°3 9 Xl20xl2) 4 = 0 41 ,.„ ; 

384E C / CC 384x4888x1,095,290 

innnilHfnniJiullJtmiimitlin transient truck load StfH impact ntgjfisnnj (in- 
fluence lines) jflfjsfflttffflfJTHiuHHflHRflJHi 1 wnnuinja 120 ft riiimfitriiatimTJM 
axial load llkip WHIBlBHim 2.33 ft nffliniUJIUftJ 1 mnflimgimuntllltllti= 0.8m. 1 

1 a me? me? 

S LT = 0.8(/M)(DFM) = 0.8(1.33X0.732) = 0.78m. I 

itfltmfU PCI multiplier HRintf ft© . miMItitriamntflU Sfl camber jmrtciEmftifKftna 

fijiBlfitimna sb.sfcn 

fnntfraHsnrm s = — = 120x12 = i,80m. 1 
1 - 800 800 

> mniJiutiimMia = o.49m. o.k. 

m 

BBromnmmimmraMBHSiafitiiBlRtiEimtmim ©la.© sfl ©Iq.Iq i 


Table 12.12 Long-Term Camber and Deflection 




Non- 




Transfer 

composite 

Composite 



8p 

PCI 

PCI 

^ final 


(in.) 

Multipliers 

Multipliers 

(in.) 

Prestress 

3.92T 

1.80 

2.20 

8.62T 

K 

-1.441 

1.85 

2.40 

-3.471 


Net 2.48t 



Net 5.15? 

w S*h 

-1.611 

1.85 

2.40 

-3.841 

^barrier 

-0.261 

1.85 

2.30 

-0.601 

&LL 

-0.41 1 



-0.411 

h, 

-0.781 



-0.781 

Final 8 

2.48T 



-0.481 


©I?).©©. Standard AASTHO (LFD) 

Standard AASTHO Flexural Design of Prestressed Bridge Deck Beams (LFD) 
qmuimfi 9b.m: SnjifiMsifHmtinmufjfms deck lalnagmumi/i ©to.® standard 

AASTHO Design Specification M(tnu HS -20 lane Sfl truck load 1 tjTJSSStU 3i3RiJyniJH3- 
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nTiRrafjMHintiQ^fTiratsinirafjgsiuijnli iwmniarHtimatinmiiJnifiSMnRaTsnaHBtTTiH 

m s~\ v in-o Usu i i U i m 

LRFD 1 

Stamijtmtn: 

1. ggtamcmjnjM deck slab 

ngmuunfi ©to. to touns © 

E cs = 3830 psi 
E ci =4620 psi lalintuitii 
E ce = 4890 psi t Si intUJil service 
RHJlRHtiJHlfltJnH = 108zw. 
ggarmumtua 6,„ = 84m. 

CU ’ll 

2. tUR[Ui:raMH8fnfi 


non -composite 


Composite 


A r = 767 in. 2 


A r = 1402m. 2 


h = 72m. 
l c = 545,894m. 4 


h = 80 in. 

I cc = 1,095,290m. 4 


c b = 36.60 in. 


c bc =54.6 in. 


c. = 35.40m. 


c tc = 17.4m. 


c tsc = ^5 Ain. 


r 2 = 1051m. 2 


r 2 = 712m. 2 


S b =14,915 in. 
S 1 =15,421 in: 


S bc = 20,060m. 
S[ = 62,950m. 3 
Sf = 55,284m.' 


3. HHiaciri si3Rgit3fnfi 

v ni 

SHStflCU 


Wfl = 1991b! ft 
W sm = 9001b /ft 


fifjntusnj] 

0.5" haunch 


= 221b /ft 


(barrier) W sm = 100/6 / ft 

2 in. future wearing surface W SD3 = 200/6 / ft 


mmnjiminm^stmmat/irAASTHo sb lrfd ssi 


r.C/)/im 



HtmlgjiromMMiafiRro 
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USnHitij (truck load) iSlnfcl AASTHO standard specification RCUintlJ HS-20 truck 1 
QSS lane =48/12 = 4 lanes 

u 

(a) (distribution factor for moment) 

USHHiuJiSlntl standard specification til standard truck load 11 lane load 

sa hs -20 1 islfiti lrfd iRTHiiTurTiifliRuaRmtiriinafniRimm i crten 12.2.2 ihriui 

c* Liu Li i* ct c* \ 

luaiBRUBRMTHIUHHtiMTinunHtilRTrmURDF,,, = S/5.5 =9.0/5. 5 = 1.636 RtiRtiHffi 

d* l_J 7J U ot Li /At ot u 

BH 

ct 


ttlcu 5 = RnnRifitSBHRRtji ft i 

DF m =0.818 lanes per beam 


IHRUJlBtlBTJBRHITjJ / = 


50 


l m 


L + 125 
50 

~~ 120 + 150 

lalRULRFD. iHHnmBJHiaRiHHRmHi 33% tirnss 


<30% 

= 0.204 


tl 


Vll+i = (shear force per lane \DFM )(l + /) 

= (shear force per lane)(0.818)(l + 0.204 )kips 
= (shear force per lane)(0.985)k//?.v 
M ll+i = (moment per lane )(DFM)(1 + /) 

= (moment per lane)(0.818)(l + 0 ,204)A//?.s' 

= (moment per 1 a n e)(0 . 9 8 5 )/c //? s 

RUBUJJHTJBfinWHRU 12.5 StiRinti 12.1 tlDimtaldSraSR Group I CUt1 1 
Group I service load design = 1 .00 D + 1 .00(L + /) 

Group I factored load design = 1 ,3[l .00/9 + 1.67(L + /)] 

(b) RHItifflR 3t3HHi3C1R (Shear and bending moment) 


l/,=(w)(0.5L-X) 

M x =0.5(w)(xJL-X) 

SltilTRlHtjIRIJHimBlRHItiR'lR BtiHtrtHBlTRtiRIIJnnjta ISlffitiSTH BtilBlTRiaHSR'lR 

U eu V Li Gi c? U Li Li 1 

I|Rl*glRMtjnURH1l3RlR: 

iBltRiaRiuntiiiwa v x =o 
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M d = 0.5(0. 799X60 )(60) = 1438// - kip 
V = 0.799(60) = 47. 9kip 
lalTntiHsmmrmstSinMTHiuRinafTiK 

Lj 1 u ct Lj nj 

s|u^sHsrarjlSm|unt3]tfit3 (cgs) e = 17.1m. ifltmgiiRjiHsmnBtH 

(iHtiifniHimmuBumu) 

e~i <^1 

d =80-17.1 = 62.9 in. > 0.80 h = 64m. 

HIR d = 64m. 

HsrnnnmstSinMTinuRinamHialTRti h / 2 = 80/ 2 = 40m. = 3.33 ft 
l/ 333 = 0.799[(0.5)(l20) - 3.33] = 45. 3 kips 
M 3 33 =0.5(0.799X3.33X120- 3.33) = 155.4 ft- -kip 
niHMTtnUfitntifTffi St3HHarJTH1UUSnHQtrsm satis mmuo SHIMS (transient) 
sianfii THitnBUfnBtiimnaiBinasnna 910 . 9 m 1 nufumfumHmatsstfiHffisamH 

Liu U c* Li U U nj uni 

ttiEURtuisittfira lrfd method uJnjtnBiBlnasnna 910.90 sa 910.99 1 

ct 


Table 12.13 Standard AASHTO (LFD) Service Shear and Moment Due to Dead Load 


Distance 

X 

Section 

X/L 

Beam Weight 
W 0 

(Slab + Haunch) 
Weight W sm 

Barrier Weight 
^soa 

Wearing 
Surface W SD3 

Live Load Plus 
impact 

Shear 

v, 

Moment 

M a 

Shear 

Moment 

M s 

Shear 

v„ 

Moment 

M b 

Shear 

'Avs 

Moment 

Mws 

Shear 

V L u, 

Moment 

Mi_l*i 

ft 


kips 

ft-kips 

kips 

ft-kips 

kips 

ft-kips 

kips 

ft-kips 

kips 

ft-kips 

0 

0.0 

47.9 

0.0 

55.3 

0.0 

6.0 

0.0 

12.0 

0.0 

65.4 

0.0 

3.33* 

0.028 

45.3 

155.4 

52.2 

179.3 

5.7 

19.4 

11.3 

38.9 

63.6 

211.5 

12 

0.1 

38.4 

517.8 

44.3 

597.5 

4.8 

64.8 

9.6 

129.6 

58.3 

699.7 

24 

0.2 

28.8 

920.4 

33.2 

1,062.1 

3.6 

115.2 

7.2 

230.4 

51.2 

1,229.1 

36+ 

0.3 

19.2 

1.208.1 

22.1 

1,394.1 

2.4 

151.2 

4.8 

302.4 

44.1 

1,588.4 

48 

0.4 

9.6 

1.380.7 

11.1 

1,593.2 

1.2 

172.8 

2.4 

345.6 

37.0 

1,799.6 

60 

0.5 

0.0 

1.438.2 

0.0 

1,659.6 

0.0 

180.0 

0.0 

360.0 

29.9 

1,851.6 


^Critical section for shear 
-Harp point 


4. MfinfitMsiGtfrafiatmffaifria buib-tee mafia 

U Ct 1 u | U Ct 

( 1) l fjfdtlcrf filUifUritifnlti (selection of prestressing strand) 

narfnamsmatmisImaMnMmaiTfnmatiJutimnjnusRBsifTi 

1 U v» | U Li n "ns 

_ M D +M sm | M sd2 +M sm +M ll+i 

«' O Q Q 

^ b ^ be 


mmnjiminmRpsmtimtidirAASTHo Sit lrfd 853 
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_ (1438 + 1660)12 , (180 + 360 + 1852)12 n ^,_. 

14,915 20,060 

Rt3{mi3SiniHSnTl?i f, = 6fff = 6^6500 = 484 psi = 0.484fa7 
Required precompressive stress i Si (d 13 EiiJi M 81 Hi ]Til H U ST u" H il UT1 d U 13 =(f b -f t ) 
f bp = 3.923 -0.484 = 3. 493to' 

MSKtfl tendon c.g.s MRtSlQHlffi y h = 4ira.nMJlM81iltpHmiH 


e c =c c -y b = 36.60-4.0 = 32.60 in. 


f bp ?iJnranmwrii|TiRa|ma 



P e e c 

S b 


3.439 


P e | P e x32.6 
767 14,915 


U 


P e = 986 kips 

MaHRunmranaTmtiMin= 25% 

^t. Li 1 Li 1 

p= 986 =1315 kips 
1-0.25 

fJSdlTtl 7-wire 270K low-relaxation strand Hildtad 0.5 in. ( A,,. =0.153m. 2 ) 

vi> Li n is- 

1 91C 

QSS strand dTB? nil = = 42.44 strands 

" u 0.153x202.5 


fifldEUJti 44 strands 

USliin trial and adjustments MSdCh strands pattern TdltpSUttirmsIdtimS 9lQ.9&! luEU 
10 strands jjaftflS harp ISljTdi 48 ft H9jjH 1 


No. 




11 spac. 


@ 2 " 


Distance from 
bottom (in.) 
70 
68 
66 
64 
62 


Distance from 
bottom (in.) 

8 

6 

4 

2 


At midspan (e c = 30.79") 


At ends (e e = 18.51") 


Figure 12.15 Bulb-tee prestressing strand pattern 
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nAJHRRH c h =36.60 in. Sti c, =72 -36.60 = 35.40m. 

\st> U l 

e e = c b — [2 x70 + 2x68 + 2x 66 + 2x 64 + 2x 62 + 2x8 + 8x6 + 12x4 + 12x2]/ 44 

= 36.60-18.09 = 18.51m. 

=17.1 

J.JJ Li 1 Li ot Li tu 

e c =c b -[2x16 + 2x14 + 2x12 + 2xl0 + 4x8 + 8x6 + 12x4 + 12x2]/44 


= 36.6-5.81 = 30.79m. 

iihmHimmnuiiRuiaMiuialnaiiJmTURaTsnaiilitDJntiiHn sugsiuunlits^nRm nunn 

1 c« U 1 Li v 

utiituRtitmtiMiuR 24.9% i 

i|URi3|?nl3|tJMSfnn/ pe Hstntijsimjia = 0.75(270) = 202.5 ksi 

Statss f pe tRRfHf = 202.5(1 - 0.249) = 152.1&J7 
P e = 44(0.153X152.1) = 1024fa/w 

miRimmgiglMBntsl prestress relaxation loss Bl3fttJntTTli3t3f SISlmBiTClClITl3ITTml3TCnl3 
HiBmmamuiHiJtij 9%is1 10 % 1 
mnnuTiHutiiniRi3TmaiBlintiigimfnu = 9 % iBmmtiggnjtnB 

Li 1 Li m w 

f pi = 202.5(1 - 0.09) = 184.3fe' 
p. =44(0.153X184.3) = 1240^5 

nqmumi/i ©ta.ta 


f ci = 0.6/' c = 0.6(5500) = 3300/wi( c ) 
f ti = = 7.5V5500 = 556/wi(r) 


[UMBiuRa|mamn3ia1intiiitiratiiaRiHRBtiitiiRRaBi[ijnH200/?sj = 220 ^/ 

IBlMRTRftflR bonded reinfoecement t^HT SUStlJSt3R‘mt3mcnei5mtSi Rt3ttJfU3tE3CU?T CUISI 

Liu eJ ni -v» 1 ct 1 

1 

uJimltiRiwHSRiRifltiiinBtmHira* 1 

HI ct U 

( 2) Jjnn'nSnJfti[pitit UntiflSt HP Ilf! ( Check of concret unfactored stresses) 

Ri3f?ni3HSnjmrafj standar AASHTO RflBBli3I|fnH. Case (I) M{HimJSjUSRSli3Hfj: 
f HtslRlfmu f c = 0.60 f' c = 0.6(6500) = 3900 psi 
R[HltU deck f c = 0.60/' c = 0.6(4000) = 2400 psi 
Case (ii) M|jnuRmi3i|URa|mi3pMgniri + tismtimfnjsm: 


mmnjiminm^stmmtidirAASTHo sh lrfd 855 


7X/;/im 
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ik mam 


|Ht3lR|Tintj f c = 0.40 f' c = 0.4(6500) = 2400 psi 
deck f c = 0.40/' c = 0.4(4000) = 1600 psi 
Case (III) MfjnUTJBRHITjI + 7 ( RtntilJTJRtitfnti + TJBRITjI) : 

gHUinjTinO f c = 0.40/’ c = 0.4(6500) = 2400 psi 
npitu deck f c = 0.40 f' c = 0.4(4000) = 1600 psi 
m^timCTHSCTTlR f t = 6V7“ = 6a/6500 = 484 psi 
Rl3|?fll3SiniHSnT1?i f t tBlttltUttil = = 242/™/ 

a. 

IJUnatJlMH f pi = 0.7 f pu =202.5 ksi 1 miHBiHBIBlMBRtJl RUTlfiTJii relaxation 
iBHiBlintuiaininarsnaiMBa 9 %ib1 10 % 1 titnss itSmum 9 % t'SHrmemscun 

Li 1 U V Li e-J 


f ■ 1 

J pi 

i. 


ntton 6 , mhrii4.i (a) 

v v 7 


p - ( , e e c t A 
" r 2 y 


c \ 

1240 


M 


D 


767 


1- 


18.51x35.40 


712 


fb=~J~ 

A c 


f 


1 + 

V 

1240^ 


e e c b 

r 2 y 


M 


D 


767 

a. ffsmnffamajtajij 


1 + 


v 


18.51x36.60 

712 


-0 = -0.129fai'(c) O.K. 


0 = -3.14te'(c)= f ci = 3.3 ksi O.K. 




1 240 f 30.79x35.40 ) 
767 [ 712 J 


1438x12 

15,421 


O.K. 


= 0.858 -1.119 = -0.261Jksi(c) . RtiTflltimrnHBTRftnBHBETTlR 

x / 1 U -o Lry 1 m 


fb = 


1240 ( | 30.79x36.60 ^ 
767 t 712 j 


1438x12 

14,915 


= -4.175 + 1. 157 = -3.018fai(c)<3.3fcsi RtitfnailJniHBtTnR O.K. 

b. Rttpmslintuia service load 


ntiffitemN&smfanTtmmBiftnmnjinjt] 

I Li / U n c? 


856 LRFD and Standard AASTHO Design of Concrete Bridge 


IgjifflstfifinwmsmgMntftj] 


Department of Civil Engineering 


1 U i Li 1 Li o c? ci 


f=~ 


P.( . ex A M d +M 


1- 


\ V 


r 1 J 


SDl M SD2 +M SD3 M LL+I 


si 


si 


e c - 30.79 in. 


e e = 1 8.51m. 


cimHHHtiialTHtinnintiiitiiaiiJtiiinaiginiasTina 9I0.90 rjiHimisrasn: 

cu 7J U no ct Lj & 

i i 

Case ( I): 

t _ 1024 ^ 30.79x35.40^ (1438 + 1660)l2 (360 + 180)12 (l 852) 2 

i ~ ^767A 712 J 15,421 62,950 62,950 


- 0.708 - 2.41 1 - 0. 103 - 0.353 = -2. 1 59 ksi{c) 
Case (II): 

f = 0.708 - 2.41 1 - 0. 103 = -1.806fai'(c) 
Case (III): 


f = 0.5(0.708 - 2.41 1 - 0. 103) = -1.256fa/(c) 
Rl3TSnaMtinmi3HMHiaHlHHBtill3Rl3Tmi3HBt7Tin f= 3900 psi , O.K. 

i U n m v i U i rn J 1 



fb = 
fb = 


1 + 


r 2 , 


M d +M 


SDl 


M 


SD2 


M 


SD 3 


M 


’be 


LL+I 

he 


1024 r 30.79x36.60 
1 + 


767 


712 


(1438 + 1660)12 (360 + 180)12 


14,915 


20,060 


(1852)12 

20,060 


= -3.437 + 2.493 + 0.323 + 1.10 = 0.486fai(r) 
s RtiTfiltiHBCTTlfi /, = 0.484fai O.K. 

1 U i tn u i 

Hi. riti [flit] nil HUSliMUf IMf BSFT1H /?/" fflflJFUimnJf kUti 

l Li i U n c? 

^ 1 Cl 1 V <=* 1 Cl 1 c* Li 


Case (I): 


j-t _ Mp + Mp S i M ll+i 


5 be 


f= Jl80 + 360) _1852(l2) = _ 0117 _ 0402 
55,284 55,284 

= -0.519fcsi(c)< Ra|mi3HBCTnR f c = 2400 ksi O.K. 


Case (II): 


f =-OA\lksi(c) O.K. 


Case (III): 


f =0.5(- 0.1 17)- 0.402 = -0.46 lksi{c) O.K. 

E c =33W L5 fff 
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tiCUmjUH^EU = ^ 4QQQ < Sla h ) = 0 78 
V 6500 (beam) 

tiGiBs fTinuBmnaTsnamtJiBsiiJimmmBa 0.78 uJmggnjtnBRtimitiiBlTflij 

V 1 U 1 w U 1 U U 

(3) ( nnsmnm/imffiwnjwfi) 

1 n 1 Li *-v 

a. HHl39U9tljfTIIC1RtJtttlt3tiHSri (normal flexural resistance moment) 


M u - 1 -3 [M d + M sm + M SD2 + M SD3 + 1 .67(m ll+i)\ 

= 1.3(1438 + 1660 + 180 + 360 + 1.67 x 1852) = 8750 ft - kip 

HfiJHRli 12.9(c) 


fps = f, 


pu 


Y ^ f pu 


1-^T P 


fi\ f'c 


rjTHiuRHfjrarjtjRfiJiifi iranSwiaiunananTintii /' =4.oksi . b, =o.85 

U n sunUici i <=* U J L /i 

y = 0.28 M|jnn low-relaxation strand 


b = SStifiJIO = 108m. 

m 


e c - 30.79m. c b =36.60 

titslSS, y b =36.60-30.79 = 5.81m. 

d„ =GHimnatinnwrafjmHiEiJdeck igigTu^gHBiuMiiJmTflnaTsna 

// i v Lj u | t/ Li i U 

= RHfjgH (h)+ haunch + R|H1fdR{H1tU (h f -y b ) 

= 72 + (0.5 + 7.5)-5.81 = 74.19m. 


A ps =44(0.153)= 6.732m. 2 


P 


PS 


6.732 


bd„ 108x74.19 


= 0.00084 


titslSS /„ =270 

71 J p3 


1_028 0.00084 270 


0.85 


4.0 


= 265. Oksi 


a = 


Ksf, 


psJ ps 


6.732x265.0 


0.85 f' c b 0.85x4.0x108 
titslSS MRnR[UlS1tj1H8RlRt5RtRmn 

V o 11 

HHi3SlistUitltUmijHlS M u =<fM n = A ps f ps 


= 4.86m. < 7.5m. 


r *-±' 
2 


V 


= 1.0 


6.732(265.0) 74.19- 


4.86 


= 128,018m.- kip 
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M u = %15Qft-kip O.K. 

b. tUtnClflttSfiff RtJItJl (Maximum Reinforcement) 

f 

p= J -Pf< 0.36/?! < 0.36 x 0.85 = 0.306 

f c 

p-^ = 0.00084 x = 0.0557 <0.306 O.K. 

f'c 4.0 

c. mtntmitefiHUjmfn (Minimum Reinforcement) 

Pretensioned reinforcement Stl post-tensioned reinforcement fj i HI S U J HI [111 [it U 
[fnSiuHjmtiR ultimate moment tfiCU 

<IM n >L2M cr 

nfJHfru 12.13 

r s bc 


M cr ={f r + f ce )S b -M 


due 


— 1 


f r = = 7.5V6500 = 605 psi = 0.605to 

RarmaranaiiJwunmniHmntiRiniairaRaTmtiumurintJTiHutimtiHMR 

i U i ci su U i U 

f b =3.437 ksi(c) 

M dne = HtrtSHBRHITjJ non -composite Bti 

gHatiitiiiuMRunni 


= 1438 + 1660 = 3098/t- kip 


\2M cr = 1.2 


^-(0.605 + 3.437)20,060 - 3098 


r 20,060 ^ 
14,915 


= 6896 ft - kip 

IPi|RlRJi3[irnijl fits til Cl LRFD Specification |?U3 standard specification Ujunil 
tslIRTRiUiniTlRTHfRinBJIRTRlaHSRlRITRIJfilRUmni* 1 

Liu -o Uu U i U ot i run 


d. Prestressed anchorage zone 

HBIEItURUTlRtlti f pi =A ps (0J5f pu ) 

= 6.732(0.75 X 270) = 1363 kips 
4%f pj = 0.04x1363 = 5 4. 5 kips 
RtiTfiltiHBCTTlfi /. = 20 ksi 

i U i m u *> 
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^3 0 - SZL S 0 

titslSS TfTSnttitE3nFiTHfmJ A, = — — = 2.73m. 2 

V Li vJ e* Liy P 20 

SiTIRnJj^tufiRiJtJnTJJ #5 tsl ntiRiJS rectangular anchorage zone 
A v = 2x0.305 = 0.61m. 2 

9 99 

GSSltiRfi^ — = 4.5 
" 0.61 


d p = (h- yf) = 72 -5.81 = 66.19m. 


= 


' a ^ 
dp~ — 


V 


= 66.19- — = 63.76m. 


v 


BHimuJtmntnflJlR anchorage reinforcement 


63.76 


= 15.94m. 


imftififiti #5qss sititmnBnnnn 3m. nnnHmiglHm iait3i3MiJitiiuMnHi 

U U O O 1 8 ct 


9la.9la. MRntflUimtl3RRtnt3fTlRmMGHrmStnH Standard AASTHO 

O ni <=t n 


Standard AASTHO Shear-Reinforcement Design of Bridge Deck Beams 
^£y7//z^0fe^:MRnEi[uisiitlfiRHil3mfiraMGH8ii3Rl3rarjfijisisiRt3gsiuiJ[in 9b. tn ttJira 

IjtJ AASTHO design specification fiJJHIU HS-20 lane Sr3 truck loads 1 ifUSSSEIJ Shrill jjrflfci 
HBrmnraMMtnRlJtimBaElfflUlIimilJtlltnaUiJirTl 1 ItBShIIJIBI flexural shear Bti web shear 
ItJtllHlBtlinimiTUIMItiiaiBHTnimH nominal strength lUWITJHtiMBIBlntiTBBti 1 Wlttf Mfin 

8 Li eJ s- 7 i | 6> ct U i <J 

RtlTlSl interface shear transfer reinforcement SllTnnnSn jjTinuTu St3 camber JtJfj GH 1 

Lnj U ct 


Btaimjantn: 


1. ttififiBItifTIK (shear reinforcement) 


AASTHO standard specification HSlfiPTIH ACI 318 code MTHTORtfltimfi safTlUHtll 

in Li cu u 

taHiBnfunuwHmBintififfisnji eS.es sa es. 5 ntitatjintrisHH ES.9tf MitnumnHtm 

U ct g* V SS Li X) 

v s <<j){v c +v s ) tutu ^ = 0.90 mslnia aci ^ = o. 85 
iHmrnmHUBHinMMti rftJiBiBtnnsMriiHminiuM aci fan miflimBiTKifamw 
RHiafnmHRimfiJtiiMniBiBinra /z/2 nfarafjgnn iiMMtimnamR nominal v r raMiuRti 

m io-t^ c* U i n cu l i 

MBIBlRaTBBaTRiHIBRlHRBtiiaiRntiBininHflexuiral shear V rj 3i3 web shear V rw 1 

1 e 3 ct Li i Lry su y ct LI C W 


a. Flexural shear, V ci 
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nfjHfn? 5.1 1 

v Ci - =0.6 ifr~ c b w d p +v d +-^{M cr )>\.ixfr~ c b w d p 

^ max 

ttjtU b w = 6 in. 

W 

nmnti 9la.9tn standard aastho islmagmuumi 9l£).tn 

v d = usmtajmstHRCuifiJjmsiTRtiHgfrimTmitain 

tl dA vt ] ] Li ] U ct 

= 45.3 + 52.2 + 5.7 + 1 1.3 = 1 14.5 kips 
V ll +i 1 fpsmfjtlll) = 63.6 kips 

M su 1 Li 1 Li ct 

= 1.3(V d +1.67V LL+/ ) 

- 1.3(l 14.5 + 1 .67 x 63.6) - 286.9 kips 
M d = 155.4 + 179.3 + 19.4 + 38.9 = 393.0 kips 

M ll+i = 211.5 kips 
M u =l3{M d+ l.61M LL+I ) 

= 1.3(393.0 + 1 .67 x 211.5) = 970. 1 ft - kips 
V: = RH1l3fT1Rmti[10tSlT?ilaH8mmt3tUtJ[U11tUntJSRHS!?iS81l3nfiitt3tUm?iHlS 

t su 1 Li 1 n c* 1 n U 

ct u lllaX 

= (v u -V d ) = 286.9 -114.5 = 172.4kips 1 mHtS§HlStUR[Ui:rilSjMI1jlt3lffi 

fiiu v u {Rltnsmfrastmtiira v d i 

M max = ( M u ~ M d) = 970 ' 1 - 393 -° = 577. 1 ft - kip 

nfjHfnj 5.12 

M C r =s bc (6jff+f ce -f d )'\Kmft tunim 6 main e^/TV ^mstunoniedsj 
rate f r = i.sfjf 

i/l -o nj w 
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b. 


ik mam 


f 


— — — — 

4 


1 + 


e c \ c b 


C V 

1024 ^ 


r 2 y 


767 


1 + 


, ItltU e el = 19 . 5 in. 3 Sl{Ri 3 HSmmpSTilR 
19 . 5 x 36 . 60 ^ 


V 

° . 


712 


= - 2.673 ksi(c) 


J U l U n <2j ^ i U i i 

lutURl3T?fli3SinitJi319Tl31u1tinJSRHSl?iS81l31Tfii 

l U 'o n vJ & i n U 


(155.4 + 179.3X12) (19.4 + 38.9)12' 


titslSS M rr = 

71 Lt 


20,060 


12 


14,915 

^676500 
v 1000 


20,060 


= 0.304^5/ 


A 


2 . 673 - 0.304 


= All 6 ft - kip 


J 


y b =QHitnn cgs 

tkaR = 17 . 12 m. 

1 

d pc = h c - y b = 80 - 17.15 = 62 . 88 in. 
0 . 8 /z.. = 64 m. EUU 

6 l 

03 f 3 d p = 64 m. 


arnss 


V, 


0 . 676500 ( 6 . 0 x 64 ) .... 172 . 4 x 4776 1ccno; . 
j = - + 114.5 + = 1559 . 8 kips 


1000 


mHHRjtjjHimrj v ci = i.ifjfb w d 

_ 1 . 776500 ( 6 . 0 x 64 ) 


1000 


577.1 


= 52 . 6 kips « \, 559 .&kips O.K. 


Web shear, V cw 
nrjHfnJ 5 .i 5 

V cw = (3. 5 A fff +0.3 f c )) w d p + V p 

lutUtSinU AASTHO 3 R 3 {jJRF pe tjSfi 3 §j f c 1 lltilf 1 l 3 |?nl 3 MRR 3 Sl|Rl 3 S|tJ^SHS 
3 tJMH 8 fTlRtu 03 StjSfl 3 TRtjtJSRHS!?iS 81 l 33 TfiiS 1 l 3 Hfj 1 

1 Li rfj 1 o U 

~r _ F 1 ^el if be ~ ^ D ( *4c ~ b ) 

C ~ \\ r 2 J I c 

nCURWKHSRlR C bc = 54 . 6 in. rmtU c b = 36 . 6 in. 

1024 ( _ 19 . 5 ( 54 . 60 - 36 . 60 ) ^ 334 . 7 x 12 ( 54 . 60 - 36 . 60 ) 


fc=~ 


767 


712 


545,894 


= -0.676 + 0. 132 = -0.545foz(c) 

v n = uRRHA3noRmRim3mn 

P tn cu U 1 U euJ 
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nras H w tendon ma 10 

v i ' n vJ «i, 

= — — = sin u/ = 0.086 

48.5x12 

V = A f sin \ff = (lOx 0. 153)149.0x0.086 = 19.61 


titslSS V = 

v CW 


3. 5x1. 0^6500 


A 


1000 


-0.3x0.545 


6.0x64 + 19.61 


J 


= 171.15+I9.6i = i90.8fa>s . nrauJimwiifiRBtjHa v ci 

c. t{pWnWft3RRl3 (selection of web shear) 


V c = 190. Skips 

v u <</>(v c +v s ) 


tl 


V. = 


u -v c 

<!> c . 


V.RTHfmi = 286 ^_ 190.8 = 128.0 kips 


V s 8 ff~ c b w d v = 8a/ 6500 6 '° n ^ 4 - 2M.lkips 

> 128 .kips O.K. 

c mniSMUMRHMranrmaMTHiuRinamn) 

Li n u U U cu 


1000 


V s = 


A ,fyd v 


^ RTHfRU=-^- 

J u fyd v 


128 0 i o 

' = 0.033 in. 2 / ft = 0.0028 in 2 / in. 


60.0x64 


Av HUjUlHI = — ^ = ^ 5Qx6 ' 0 ^ = 0.005m. 2 / in. tUU 

5 J / 60,000 


itfimiTtJltiRRtiHRII UltJUJinBItjtini #4 iglRaHSRIRBRIR'inJlBltiBti. 

Li O <=*111 

A v =2x0.20 = 0.40m. 2 

Ann« A' 0.40 
unit A v 0.005 


RtUlRHSnnRHBuiHI 5 = 0.75/+. U 24 in. 

l m L -d 

5 max =0.75(72 + 7.5 + 0.5) = 60m. U 24m. 
tnfftiRRtiHRn #4Rtui?i i2i/i.RRnHRnBiHRnalRi3H8RiRBmRi[m8ii3Bi3i[iiBinm 

U O v O U Ct 1 1 1 ts 

= h = 80 in. 1 USltin anchorage block tSS IRHB|RiR1IllJRRl319 1 UtB fltjlR'UJUIWI 
ftiUJIfilTtJ mini mum vertical mesh reinforcement tSlRt3TSSl3m HU1 Elm till tllti 1 RtlDR 

Li ct Li 1 n cs' 

12m. jjA nlifhjATj interface horizontal shear 1 
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2. Interface shear reinforcement 

ntinrr interface shear force fi! [tfl U H 8 nl til jtfl § tin fit Si 13 \h c H9[H 1 

a. Contact surface roughened or minimum ties used 


V u = 286.9 kips < V nh 


V„ h = nMWtintritifnmtJfi nominal 

n\l i ri m 


V u _ 286.9 
<j) 0.9 


3 IS. Skips 


Vnh HBmiH =b v d pc 


It, = 42.0m. 

V 1 Li & Liy e» n U su 

J= 62.88m. filSnifORHS 

pc 1 

V nh ttiEUfFItstflS = 80 ( 42 - 0x62 - 88 ) = 2\l 3kips <318.9 kips 

1000 

utsiSi IRTfilfTlJ dowel reinforcement 1 

V Viy 


b. Minimum ties provided and contact surface roughened 

V nh = 350 b v d„ c = 35Q ( 42 - 0x62 - 88 ) = 924.3 kips >3lS.Skips O.K. 

KJR V nh = 318.8 kips 
nfdHfTlJ5.33 

506 I 506 v 

A vh HUmiHI = v vh = RtiHffi dowel 

VU Ed p p ct u 

J y J y 

fdSRRClRR dowel =12 in. 

A , HiJimmmiHtU dowel = 5 °( 42x12 ) = 0.42m. 2 / ft 
d 1 u 60,000 

tuRRi3tuWH1tsH1SS|14i3 dowel luCUHTSHlS = StiRRlS #4 HISRtlTlti 12 in. c./c. 

= 0.40m. 2 / ft O.K. 

US1tjnRiJSiJRQmfmU181l3iji3 80m. t3lfl dowel #4 tUtUHlSROIlR 12m. c./c. liRHIti 

su i l 

i 

nmtiR #4 luH|3TlijulfiflfnSlSlRi3TSSl3RTH1fj 6 in. 1 

Li u E*J ct Li l Li 

RtlllRHSfmRHRmin = 46 w = 4x6 = 24m. O.K. 

l rn W 

Q am til inljlj vertical web shear reinforcement iSlSlSolwHJlgfjl dowrl reinforcement 1 

3. rmfitmmfnntfiu (Deflection Computations) 
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miHimmfTiniJiuinBtiinniiiTMiiJtamaarniHniimfnniJiuiginaEiBiuimn ®b.b tcun 

8 U U Ct Ot 

ItliatHti iSlnti standard AASHTO specification IRHBfin fatigue live load M|jnUfnnfllUI9 1 

i 

ntnna 9I3.9I3 (gmimcin 9I0.I0) 


(5 = -8.62 + 3.46 + 3.86 + 0.60 + 0.41 = -0.29 in. (camber) 


L _ 120x12 
800 ” 800 


1.8m 


O.K. 


BBtumnrrummmnHSiianaiuM bridge deck iBlnagBiumm 9lo.cn sta ©b.tJ i 

%) ct ct O ofc 1 


9la.G)cn. Mfinficmmttififitniafnpi BtattifmtnaiHtiJitJMfmsiRraHU 

u <u cu w n Li 

Shear and Torsion Reinforcement Design of a Box-Girder Bridge 
Qfflfflttlfi 9to.lt: fmSIRjpHUfdiriCdCuClJiflSnJ lane HIBIJIliaiwa 90/t(27.5m) *1 n[H1CU deck 

TPiJtnStinsfr3iiultUnH AASTHO BIII-48 box QSS7 CoHt^filS deck HIS 28 ft St3^Ttjltifl3n- 

tnon 25 ft flBuiJunnainB 9I0.9S1 tjmkmonasfncmtimmHficin v„ =140 kips tslTtiites 
mHBTHUJtmTtmtjlfi. HHtiTtlfEriCSiTfitiHSfrifiCSo = 320ft - kip StiHHtiJHCU T '= 165 -kip 1 

Li Li ct TJ Liu ct Li 1 1 1 ) u M j l 

MnimnjiBiuJfifitntirriR saiiJnRHiaiHtiiMTHiuHsmHtinBiB* uJimiTtrMHfnmiM 

cu cu u Li i n U 

lrfd ra§j: 

f' c = 5.0 ksi 

f' ci = 4.0 ksi 

fpu = 270.0 ksi 

fpy = 0.90 fpu = 243.0fcsi 

f pi < 0.75 f pu = 202.5 ksi 

ftunnuittpfititmiaMJTJ - 22% 

f y = 60.0 ksi 
E m = 28,500/b/ 

E s = 29,000/A/ 

A c =813 in? 

h = 39 in. 

I g = 168,367m. 4 
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c b =19.29 in. 
c t - 19.71 in. 
S b = 8,721m. 3 
S‘ = 8,542m. 3 
E ci - 3 840/c.s'/ 
=A290ksi 


r-6* 

25’- O' 

r-6" 

1 T 

(2) 7/8 in.dia. - 150 ksi bars through 




3/4* 



(b) 

Figure 12.16 Two-Lane Box-Girder Bridge, (a) Roadway cross section, (b) 
Cross section of a component beam unit at midspan and at end sections. The end 
section has seven strands de-bonded. 
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Btamsitmtn: 

i. fiHMnsiamfifpMgfnri (effective shear depth) , d v 


muijuRtitmainBwnimritifi. v p =o 

nras ®b.®e) 

V 

iSl?Pii3R[imflJtCUl3, A,,„ = 7-wire, low-relaxation 270-K strand HtifiBfi 0.5 in QSS31 

Li n c* po n 15 - u 

= 4.437 in. 2 

iSl|Ri3S[H A ps = 24 strands ttjflj 7 til de-bonded = 3.366 in 2 

c.g.s. ITJM strand nwnfdS'U31|fTlH ffitinnjntljta: 

23x2 + 6x4 + 2x36 


ybc 


31 


= 4.58m. 


d fflUTlUJHlJti =h- y bc = 39.0-4.58 = 34.42m. 


c.g.s. JUrj strand 

(23 -7)x 2 + 6x4 + 2x36 


ybc 


31-7 


= 5.33 in. 


d p {RiaSfH =h — y bc = 39.0-5.33 = 33.67m. 

tutu <7 = Apsfpsdp + A sfyd 
c A f + A f 

ps J ps ' V J y 

d v = RHMRHltifTlfiTTJMBfTin 

v n £U Li a 

= BHimifii3RHii3timgnHii3girTi aamnaMtJRmBHBTRiRBtiia o.90J r u 0 . 72 h 1 

sum iu -o tunici L»u y c -oi 

iBmnimRRHMHRIimR c BtiRHMURBRIRinJlMHHUJ a ITUHSfTlRnnintllftlltJMTHlU 

w nO ntui v U i ci c* U 

miRimm itiimtmifitiiHSfrimBHHtiHRunn c m u =0 ia1|Rti9|H) 1 

MBfitil HRlriJiRMRIBlniaWlU 5.5 in. 

v^> U «\ ct tu 

A ps f P s+ A sf y - A 'sf' y _ 4.437(270)+0 + 0 


c = 


0.85 f' c p x b + kA 


ps 


( fpu ^ 

0.85 x 5.0 x 0.80 x 48 + 0.28 x 4.437 

f 270 'l 

{ d PJ 


{ 34.42 J 


- 6.95 in. 

a = R\c = 0.80 x 6.95 = 5.56 in. > 5.5 in. . tiBIBJRRfltilHSmRHlBMlUltitllinB 

' 1 V l cu 

SS13 b = 9Bti|9Bl3 b w 


b w = 2x5 = 10m. 
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c = 


Apsfpu +Afy -A' s r y -0.85f' c ^{b-b w )h f 


0.85 f' c P x b w + kA ps 

i 

4.437 x 270 + 0 - 0 - 0.85 x 0.80 x 5.0(48 - 10)5.5 


f fpu^ 
\ d PJ 


r 


0.85 x 5.0 x 0.80 x 10 + 0.28 x 4.437 
= 11.14m. > 5.5m. O.K. 


270 

34.42 


a = fd x c = 0.80x1 1.14 = 8.91m. 


f VS = fn 


' ps J pu 
f 


f ^ 

1 -k— 


f 


= 270 


1-0.28 


V 


11.14 

34.4 


d v = 


d„~- 


K ~P 7 

7 8.91 

= 33.67 = 29.22 in. 


: 245.4fcsi 


p 2 


0.9 d c =0.9x33.67 = 30.30m. 


(EUU) 


0.72/7 = 0.72x39 = 28.08m. 

o « 

2. H <9 HIM diagonal compression struts, 

o.5d v cotd ti d v imsstutns# nfnnti 9l£).ti 

iUitin|SmHJtjrj v//' c i 

nMHmj 12.41. 

Vu-Wp T p P h 

v = — + — 

0b v d v (j>Ag h 

(j) = 0.9 fimnn 910.9(a) 

A oh = (48 - 2 x 1 .5 for clear cover - 2 x 0.25 for stirrups)x (39 - 2xl.5-2x 0.25) 

= 44.5x35.5 = 1580m. 2 
P h =2(44.5 + 35.5) = 160m. 


b v =2x5 = 10m. 
140-0 


165x12x160 


0.9x10x30.3 0.9(l 5 80) 2 


= 0.515 + 0.141 = 0.656^/ 
v _ 0.656 
f' c ~ 5-0 


= 0.131 


nMHfnj 12.27 MTHiumi?RSiTHfmntiiHni BtiwHfni 12.28(a) faTHiumarffiia / 

Li Lid su w ■ Li ] Li u J 


po 
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M 

11 +0.5 N u +0.5V M cot^ 

d it V 

V u + 

[PkTtf 
v ^A> 7 

0 

Ar 

a, 

1 

2 

E S A S + E ps A ps , 



ran 


fpo =fpe =fpi (1-0.22) = 202.5 X 0.78 = 157.9fa/ 


' po — J pe 

N u = 0 

A a = 0.85A o/j = 0.85 x 1580 = 1343m. 2 
rm ft curia <9 = 23.5° NTmumitmntmtiiwnBHm *\ cot23.5° = 2.30 

eJ U w w 

320x12 


30.3 


-0 + 0.5cot 23. 5 C 


(l40) 2 


160x165x12 
2x1343 


\2 


-(3.366x157.9) 


* 2(0 + 28,500x3.366) 

= -1.01-10 _3 m./m. < 0.002 in./ in. O.K. 

i^rntmimHiuMulTHUTHninaintunmiaffirn e r tsimasra^sHsrarjlSnHlijHis 

cu Lj Liu U cu A u U l t/ 03- 

WintifTlHUBmKtHIUMflllJimiHtlim 

0 + 28,500x4.437 


Fs = 


As F p S A ps 


E C A C + As A? + E ps A ps 


= 0.035 


4290 x 8 1 3 + 0 + 28,500 x 4.437 
= 0.035(-1.01 10 _3 )= -0.035 -10 -3 < 0.002in./in. O.K. 
rtfitmrmtu v//v = 0.131 Bia s = -0.035 -io - 3 iglniamrua ©b.ta rtuiasstutns e = 2i.6 L 

IS. ^ L- A. ct v 

tStumtmnrmuitusa ^itJtiiMBmBiniafrmmntmaiwngHra timssiraiassEummss 1 

Li Li ot E/J l) V X) Ell 

1 

RIH /? t£3fUTnfpn= 2.8 

cu ' Liu ct 

3. MRJlR[U131tt3Rfit3UsBE! (design of transverse closed stirrups) 

V c =0.0316 pff\b v d v ttfimitUglR ksi 

= 0.03 1 6 x 2.8^5)0(10 x 30.3) = 59.9 kips < UOldps 
utstSS mini fTlJ web shear reinforcement 

V Liu 

nfilHfTIJ 12.40(a) 

A v _V n -(0M6\pfj\.b v d v +V p ) 


140 

0.9 


f y d v cot 0 

- (o.036 1 x 28V54) x 10 x 30.3 + 0 ) 


60.0x30.3x2.3 
= 0.023m. 2 / in. I two legs 
nfilHfTlJ 12.40 (b) 
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165x12 

— = — = — = 0.006in. 2 / in./ one leg 

5 2A a f y cot 9 2x1343x60x2.3 

+ 2^6 = o.023 + 2(0.006) = 0.035m. 2 / in ./ tew legs 
s s s 

rmncujtiftinnmjsfjfi #4 inBHtinn lOm. nHfytsIffpytncutcyta i scimtai irhibuiSb 
RtinniUMIlJRRia (transverse reinforcement) in HUH CUT1 till Wti {UfoSm envelopes lUMRtnti 

£U W t J c? 

4. XRtrnatlJtaRmtUTltlJ (longitudinal reinforcement check) 

nwHfm 12.40 


^(A sfy ^ psfps ) 


> 


Mu 

<t>d v 


N 

0.5 — — + cot <9 n 


— + 0.5V 5 - V p 


<t> 


" 0-45 T u p y- 

V , 


A psfps = 3.366 x 245.5 = 826 kips 


A a ~0.S5A oh = 0.85x1580 = 1343m" 


P Q *0.85 P h =0.85x160 = 136m. 


K=- 


A v fyd v 0.40x60x30.3 


6.75 


= 108 kips 


HtttSS 


320x12 

0.9x30.2 


-0 + 2.3. 


If 140 _ , > 

2 / 

+ 0.5x102 

+ 

v0.9 7 

V 


0.45x165x12x136 
0.9x2x1343 j 


= 140.8 + 2.3(212.6) = 630 kips < 826 kips 


tiBIBlIfiHBTRfmrftifimnmmUIBHigi SSEUffifi vertical tie #4 ititUHISRElJlSi 10m. 



ffiJljni development length §j fl [Pi U jjTI S ffl H nl I ffl H ffl II U M specification 1 


§>13.96. gtiBlptijtJngffm SI 

LRFD Major Design Expressions in SI Format 

MHR1J 12.9 (a): 


f ps f pu 


f \ 

1 -k— 

V d Pj 


f 


k = 2 


1.04- 


f, 


\ 


py 


V 




pu J 
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fd{H1U non- bonded tendons 


f ps f pe + I . E ps^cu 

Up 


f d p ' 
-^- 1.0 

V c J 


~~ < 0-94/ ( 
l 2 


py 


fdHfflJ 12.12(a): 


— < 0.42 
d„ 


*e 

o , o 


iHHiimuaiBRHHa p d = 20 


( \ 
1-2.36— 

d eJ 


fdHfflJ 12.24(a): 

V c =0.083 J3fjfb v d v ttitll b v Si3d v Rfitfl mm ttnKJ/' c RfitflMPa 

fdHfflJ 12.29, fSljntUtflnJHlSRHlUJHfU 


tu u 


M 

Ia 

d„ 


II 


l r. „ \1 

f 0A5T..P,. ] 

\V U - 0.5V n h + 


\ u p J 

l 2A 0 J 


fdHfflJ 12.35: 


fdHfflJ 12.38: 


A vf = 0.35 b v 


fy 


uJto K stis fifitfi 


mm 


V„ = 


V' 

r II 


0-9 T u P h 

V 2A q j 


\2 


JtiCU v „ RRtflA/' , T„ mtilN.rnrn Sl3A„ fifitfl 


mm 


fdHfflJ 12.40(b) 


5 2A 0 / y cot6 f 


UJtU s 


mm 


mwnjimifimwsmfimtitfirAASTHo §&lrfd sn 


r.c/f/Mv 





NPIC 


thtung 

91Q.9. MRpPitinSIRTHICUfinS AASTHO-PCI bulb -tee STHfmHmttitUHSHIS skew HTtnURIJ 

O U n U m U 

nnmaitiUJimitnLRFD AASTHO specification 1 gHiasmaiwa 100/t(30.5m) 1 

1 

ttiRSItilW (superstrucuture) 6 iti05H1SRnRRnHRjtSlffRj 

9'-0" (2.74m) 1 hJlStSSR{H1EUR{tflfd 8m.(203mm) ^RJ1jims1Si3mSi3tj1HffiSm^R[H1CU81i3 
ttU 1.5m. ItJtUinnflfltil wearing surface 1 USRHUaiRtUlSI (design live load) R HL-93 
AASTHO-LRFD fatigue loading 1 MBHtilWlBIB*MHRi3HUBIi3R1IItnm3l8Jim 1 
iR§j Rt3[fnt3HSmiRHRUJHlSQ8im[fnH: 

R|tntU f' c = 4,000 psi ramiSHSRHRl 

f c =0.60f' c = 2,400psi 
tituu-nn f' c = 6,500psi 

f' ci = 5,500 psi 

f c = 0.60 f' c = 3,900 psi , service III 

f c = 0.45 f' c = 2,925 psi , service I 

fd = 0-60/ ' c = 3,4&0 psi 

f t =6ff\=4S4psi 

f pu =270,000 psi 

f py = 0-90f pu = 245,000 psi 

f P i = 0.15f pu = 202,500 psi 

f y = 60,000 psi 

E ps =28.5x10 6 psi 

E s = 29. Ox 10 6 psi 

9l3.l3. MRpRtlJlSlluRRHItiRlRHtiRTStifdTHITjRH bulb-tee ISlRtiBHUTlB ®b.® ISllRtiBS 

nj n Lju u ot c* u i 

RlRl|RliglRtSllRjJS[H BtiUjRttilfitntirnRltim (interface shear transfer reinforcement) tsl 
rniauiattiujifiaHSRiHtjiRTtmn BtifiTHinntjfitiBimBlRiBti i titsRi BiititatiinmniJiuiuMfi 

Lj nj 1 U U i m v ^ 7J I cJi 

MRRi31tjSR[UlRHSfmR 1 

c* i no 
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©iQ.tTl. MlBtalfflUJ unskewed AASTHO typw Bill -48 ItJUJinBtifBnBmn fat 31 BlStCUti 

n c? J 1 eu *J c* 

TtitJU 96 ft aaHsmntiBUinmiBlntiiuB p. 12.1 1 sstimHitUMraR 28 ft st3'msstritlft5nij5ELn 
MS 25 ft 1 R|]mWimBtfnnni^mRt]mnnrrlM (bituminous wearing surface) R[H1M 3 in. 1 
MnnnimmHaKniHusritJRtJMTinnfTiirinmiJiti atimimnuJitmru aastho lrfd 

O n U ct u n u 

specification 1 1R§j: 

tcyi3|tJMSfnn =95 ft 

f' c = 5,000 psi ra?il3SHSRHfri 

f c = 0.60 f' c = 3,000 psi , service III 

f c = 0.45 f' c = 2,250 psi , service I 

/„•’= 0.80/’ c = 4,000 psi 

f,=6fjf = 424 psi 

f pu =270,000 psi 

f pv =0.90 f pu =243,000 psi 

f pi = 0.1 5 f pu = 202,500 psi 

f y = 60,000 psi 

E ps = 28.5x10 6 psi 

E s = 29, OxlO 6 psi 

3/4" 


i Hh 



Figure P12.1 Box Beam Geometry 
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tumuuHsmn: 

e i 

A c = 813m. 2 
/ = 39 in. 

I c = 168,367m. 4 
c b =19.29 in. 
c t = 19.71m. 

5, = 8,728m. 3 
5' =8, 542m. 3 
=827 lb /ft 

913.6. UJl*ummBI[UT19 Sla.m itfltmftJ AASTHO standard specification MflmUfmrmtJIttlti 
nHitimsi stifnntfiu i 


874 


LRFD and Standard AASTHO Design of Concrete Bridge 


JqpMistjiBmnmsmsmnntii 


Department of Civil Engineering 


queans 

(1 

Appendix 


Table -1 Conversion to International System of Units (SI) 

To convert from 

to 

Multiply by 

Length 



inch (in.) 

millimeter (mm) 

25.4 

inch (in.) 

meter (m) 

0.0254 

foot (ft) 

meter (m) 

0.3048 

yard (yd) 

meter (m) 

0.9144 

Area 



square foot (sq ft) 

square meter (sq m) 

0.09290 

square inch (sq in.) 

square millimeter (sq mm) 

645.2 

square inch (sq in.) 

square meter (sq m) 

0.0006452 

square yard (sq yd) 

square meter (sq m) 

0.8361 

Volume 



cubic inch (cu in.) 

cubic meter (cu m) 

0.00001639 

cubic foot (cu ft) 

cubic meter (cu m) 

0.02832 

cubic yard (cu yd) 

cubic meter (cu m) 

0.7646 

gallon (gal) Can. liquid* 

liter 

4.546 

gallon (gal) Can. liquid* 

cubic meter (cu m) 

0.004546 


ms 


875 
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Table —1 Continued 

To convert from 

to 

Multiply by 

gallon (gal) U.S. liquid* 

liter 

3.785 

gallon (gal) U.S. liquid* 

cubic meter (cu m) 

0.003785 

Force 



kip 

kilogram (kgf) 

453.6 

kip 

newton (N) 

4448.0 

pound (lb) 

kilogram (kgf) 

0.4536 

pound (lb) 

newton (N) 

4.448 

Pressure or Stress 



kips/square inch (ksi) 

megapascal (MPa)** 

6.895 

pound/square foot (psf) 

kilopascal (kPa)** 

0.04788 

pound/square inch (psi) 

kilopascal (kPa)** 

6.895 

pound/square inch (psi) 

megapascal (MPa)** 

0.006895 

pound/square foot (psf) 

kilogram/square meter (kgf/sq m) 

4.882 

Mass 



pound (avdp) 

kilogram (kg) 

0.4536 

ton (short, 2000 lb) 

kilogram (kg) 

907.2 

ton (short, 2000 lb) 

tonne (t) 

0.9072 

grain 

kilogram (kg) 

0.00006480 

tonne (t) 

kilogram (kg) 

1000 

Mass (weight) per Length 



kip/linear foot (klf) 

kilogram/meter (kg/m) 

0.001488 

pound/linear foot (plf) 

kilogram/meter (kg/m) 

1.488 

pound/linear foot (plf) 

newton/meter (N/m) 

14.593 

Mass per volume (density) 



pound/cubic foot (pcf) 

kilogram/cubic meter (kg/cu m) 

16.02 

pound/cubic yard (pcy) 

kilogram/cubic meter (kg/cu m) 

0.5933 

Bending Moment or Torque 



inch-pound (in.-Ib) 

newton-meter 

0.1130 

foot-pound (ft-lb) 

newton-meter 

1.356 

foot-kip (ft-k) 

newton-meter 

1356 

Temperature 



degree Fahrenheit (deg F) 

degree Celsius (C) 

r c =(V-32)/1.8 

degree Fahrenheit (deg F) 

degree Kelvin (K) 

r K = (ff+ 459.7)/1.8 

Energy 



British thermal unit (Btu) 

joule (j) 

1056 

kilowatt-hour (kwh) 

joule (j) 

3,600,000 

Power 



horsepower (hp) (550 ft lb/sec) 

watt (W) 

745.7 

Velocity 



mile/hour (mph) 

kilometer/hour 

1.609 

mile/hour (mph) 

meter/second (m/s) 

.04470 

Other 



Section modulus (in. 3 ) 

mm 3 

16.387 

Moment of inertia (in. 4 ) 

mm 4 

416.231 

Coefficient of heat transfer (Btu/ft 2 /h/°F) 

W/m 2 /°C 

5.678 

Modulus of elasticity (psi) 

MPa 

0.006895 

Thermal conductivity (Btu-in./ft 2 /h/°F) 

Wm/m 2 /°C 

0.1442 

Thermal expansion (in./in./°F) 

mm/mm/'C 

1.800 

Area/length (in. 2 /ft) 

mm 2 /m 

2116.80 

*One U.S. gallon equals 0.8321 Canadian gallon. 



**A pascal equals one newton/square meter. 
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Table -3 Dead Weights of Floors, Ceilings, Roofs, and Walls 

Floorings 



Weight (psf) 

Normal weight concrete topping, per inch of thickness 



12 

Sand-lightweight (120 pcf) concrete topping, per inch 



10 

Lightweight (90-100 pcf) concrete topping, per inch 



8 

i in. hardwood floor on sleepers clipped to concrete without fill 



5 

U in. terrazzo floor finish directly on slab 



19 

Ij in. terrazzo floor finish on 1 in. mortar bed 



30 

1 in. terrazzo finish on 2 in. concrete bed 



38 

1 in. ceramic or quarry tile on 4 in. mortar bed 



16 

f in. ceramic or quarry tile on 1 in. mortar bed 



22 

i in. linoleum or asphalt tile directly on concrete 



1 

i in. linoleum or asphalt tile on 1 in. mortar bed 



12 

1 in. mastic floor 



9 

Hardwood flooring, | in. thick 



4 

Subflooring (soft wood), J in. thick 



24 

Asphaltic concrete, 1J in. thick 



18 

Ceilings 

J in. gypsum board 



2 

i in. gypsum board 



24 

5 in. plaster directly on concrete 



5 

3 in. plaster on metal lath furring 



8 

Suspended ceilings 



2 

Acoustical tile 



1 

Acoustical tile on wood furring strips 



3 

Roofs 

Ballasted inverted membrane 



16 

Five-ply felt and gravel (or slag) 



64 

Three-ply felt and gravel (or slag) 



54 

Five-ply felt composition roof, no gravel 



4 

Three-ply felt composition roof, no gravel 



3 

Asphalt strip shingles 



3 

Rigid insulation, per inch 



4 

Gypsum, per inch of thickness 



4 

Insulating concrete, per inch 



3 


Un- 

One side 

Both sides 

Walls 

plastered 

plastered 

plastered 

4 in. brick wall 

40 

45 

50 

8 in. brick wall 

80 

85 

90 

12 in. brick wall 

120 

125 

130 

4 in. hollow normal weight concrete block 

28 

33 

38 

6 in. hollow normal weight concrete block 

36 

41 

46 

8 in. hollow normal weight concrete block 

51 

56 

61 

12 in. hollow normal weight concrete block 

59 

64 

69 


ZUMVS 
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Table -3 Continued 


Walls 

Un- 

plastered 

One side 
plastered 

Both sides 
plastered 

4 in. hollow lightweight block or tile 

19 

24 

29 

6 in. hollow lightweight block or tile 

22 

27 

32 

8 in. hollow lightweight block or tile 

33 

38 

43 

12 in. hollow lightweight block or tile 

44 

49 

54 

4 in. brick 4 in. hollow normal weight block baking 

68 

73 

78 

4 in. brick 8 in. hollow normal weight block backing 

91 

96 

101 

4 in. brick 12 in. hollow normal weight block backing 

119 

124 

129 

4 in. brick 4 in. hollow lightweight block or tile backing 

59 

64 

69 

4 in. brick 8 in. hollow lightweight block or tile backing 

73 

78 

83 

4 in. brick 12 in. hollow lightweight block or tile backing 

84 

89 

94 

4 in. brick, steel or wood studs, j in. gypsum board 

43 



Windows, glass, frame and sash 

8 



4 in. stone 

55 



Steel or wood studs, lath, 3 in. plaster 

18 



Steel or wood studs, I in. gypsum board each side 

6 



Steel or wood studs, 2 layers J in. gypsum board each side 

9 
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Table -5 Properties and Design Strengths of Prestressing Strand and Wire 


Seven-Wire Strand, f p „ - 270 ksi 

Nominal Diameter, in. 

3/8 

7/16 

1/2 

9/16 

0.600 

Area, sq in. 

0.065 

0.115 

0.153 

0.192 

0.215 

Weight, plf 

0.29 

0.40 

0.53 

0.65 

0.74 

0.7 f 0u Ap„ kips 

16.1 

21.7 

28.9 

36.3 

40.7 

0.75 f*, A^ , kips 

17.2 

23.3 

31.0 

38.9 

43.5 

0.8 f pu Ap,, kips 

18.4 

24.8 

33.0 

41.4 

46.5 

f pu Ap„ kips 

23.0 

31.0 

41.3 

51.8 

58.1 


Seven-Wire Strand, f ou “ 250 ksi 


Nominal Diameter, in. 

1/4 

5/16 

3/8 

7/16 

1/2 

0.600 

Area, sq in. 

0.036 

0.058 

0.080 

0.108 

0.144 

0.215 

Weight, plf 

0.12 

0.20 

0.27 

0.37 

0.49 

0.74 

0.7 fp u Ap, 

kips 

6.3 

10.2 

14.0 

18.9 

25.2 

37.6 

0.8 f ou Ap,, kips 

7 2 

11.6 

16.0 

21.6 

28.8 

43.0 

fpu kips 

9.0 

14.5 

20.0 

27.0 

36.0 

53.8 











Three- and Four-Wire Strand, f pu = 

250 ksi 




Nominal Diameter, in. 

1/4 

5/16 

3/8 

7/16 



No. of wires 

3 

3 

3 

4 



Area, sq in. 

0.036 

0.058 

0.075 

0.106 



Weight, plf 

0.13 

0.20 

0.26 

0.36 



0.7 fpu A 0I , 

kips 

6.3 

10.2 

13 .2 

18.6 



0.8 f ou Ap,, kips 

7.2 

11.6 

15.0 

21.2 



fpu ^pj* kips 

9.0 

14.5 

18.8 

26.5 



Prestressing Wire 


Diameter, in. 


0.10S 


0.120 


0.135 


0.148 


0.162 


0.177 


0.192 


0.196 


0.250 


0.276 


Area, sq in. 


0.0067 


0.0114 


0.0143 


0.0173 


0.0206 


0.0246 


0.0289 


0.0302 


0.0491 


0.0598 


Weight, plf 


0.030 


0.039 


0.049 


0.059 


0.070 


0.083 


0.098 


0.10 


0.17 


0.20 


Ult. strength. f DU , ksi 


279 


273 


268 


263 


259 


255 


250 


250 


240 


235 


0.7 f pu A c ,. kips 


1.70 


2.18 


2.68 


3.18 


3.73 


4.39 


5.05 


5.28 


8.25 


9.84 


0.8 f pu A„„ kips 


1.94 


2.49 


3.06 


3.64 


4.26 


5.02 


5.78 


604 


9.42 


11.24 


fpu A w , kips 


243 


3.11 


3.83 


4.55 


5.33 


6.27 


7.22 


7.55 


11.78 


14.05 
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Table -6 Properties and Design Strengths of Prestressing Bars 


Smooth Prestressing Bars, = 145 ksi* 

Nominal Diameter, in. 

3/4 

7/8 

1 

1 1/8 

1 1/4 

1 3/8 

Area, sq in. 

0.442 

0.601 

0.785 

0.994 

1.227 

1.485 

Weight, plf 

1.50 

2.04 

2.67 

3.38 

4.17 

5.05 

0.7 f Pu A 0J , kips 

44.9 

61.0 

79.7 

100.9 

124.5 

150.7 

0.8 fp u A p f , kips 

S1.3 

69.7 

91.0 

115.3 

142.3 

172.2 

f D u Aps, kips 

64.1 

87.1 

113.8 

144.1 

177.9 

215.3 



Smooth Prestressing Bars, f^, = 

160 ksi* 



Nominal Diameter, in. 

3/4 

7/8 

1 

1 1/8 

1 1/4 

1 3/8 

Area, sq in. 

0.442 

0.601 

0.785 

0.994 

1.227 

1.485 

Weight, plf 

1.50 

2.04 

2.67 

3.38 

4.17 

5.05 

0.7 f pg A PJ , kips 

49.5 

67.3 

87.9 

111 .3 

137.4 

166.3 

0.8 fp u A p „ kips 

56.6 

77.0 

100.5 

127.2 

157.0 

190.1 

fpu Ap, # kips 

70.7 

96.2 

125.6 

159.0 

196.3 

237.6 


Deformed Prestressing Bars 

Nominal Diameter, in. 

5/8 

1 

1 

1 1/4 

1 1/4 

1 3/8 

Area, sq. in. 

0.28 

0.85 

0.85 

1.25 

1.25 

1.58 

Weight, plf 

0.98 

3.01 

3.01 

4.39 

4.39 

5.56 

Ult. strength, f BU , ksi 

157 

150 

160* 

150 

160* 

150 

0.7 fpuApj, kips 

30.5 

89.3 

95.2 

131.3 

140.0 

165.9 

0 8 f pu A PJ , kips 

34.8 

102.0 

108.8 

150.0 

160.0 

189.6 

fpuAps.kips 

43.5 

127.5 

136.0 

187.5 

200.0 

237.0 

Stress -strain characteristics (all prestressing bars): 

For design purposes, following assumptions are satisfactory: 
E, - 29.000 ksi 
f v - 0.95 ^ 




'Verify availability before specifying 
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Table -7 Moments in Beams with Fixed Ends 


Loading 


* 112 | P 1/2 ? 


(1) 


Moment at A 


P/ 

8 


Moment at center 


+ P/ 
8 


Moment at B 


-P/ 

8 


a / 


( 2 ) «i 


- P/a (1 - a) 2 


-P/a 2 (1- a) 


t[ //3 | P 1/3 | P // 3 ,| 


(3) 


±=± 


2 PI 
9 


4 PI 
9 


2 P/ 
9 


P P P 
I/A | I/A | I/A | Wj 


(4) 


| I/A | I/A I 


5 PI 
16 


*3 PI 
16 


5 PI 
16 


W 


(5) 


s_ 






-~r 

1 




3 



1 


- W/ 
12 


+ W/ 
24 


W/ 

12 


W 


( 6 ) 




T 



1 


IT 



1 



1 


| j 


a/ 


- W/(1 4 2a- 2a 2 ) 
12 


4 W/I14 2a4 4 a 2 ) 
24 


- W/(1 4 2a -2a 2 ) 
12 


(7) 3 


a/ a/ 

W/2 W/2 


- W/ (3a -2a 2 ) 
12 


4 w/a 2 

6 


- W/ (3a— 2a 2 ) 
12 


(8) 






W p 



- W/a (6- 8a 43a 2 ) 
12 


- W/a 2 (4- 3a) 
12 


//2 


//2 


(9) 


WrrrTTTrr^ 


- 5 W/ 
48 


4 3 W / 
48 


5 W/ 
48 


(10) * 


^TTTrnTTT-TT^ a 


- w/ 

10 


- W/ 
15 


W * Total load on beam 
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Table -9 Presumptive Bearing Capacity (tons/ft 2 ) 

Type of Soil Bearing Capacity 

Massive crystalline bedrock, such as granite, diorite, gneiss, and trap rock 100 

Foliated rocks, such as schist or siate 40 

Sedimentary rocks, such as hard shales, sandstones, limestones, and siltstones 15 

Gravel and gravel-sand mixtures (GW and GP soils) 

Densely compacted 5 

Medium compacted 4 

Loose, not compacted 3 

Sands and gravely sands, well graded (SW soil) 

Densely compacted 3? 

Medium compacted 3 

Loose, not compacted 2J 

Sands and gravely sands, poorly graded (SP soil) 

Densely compacted 3 

Medium compacted 2) 

Loose, not compacted 1 i 

Silty gravels and gravel-sand-silt mixtures (GM soil) 

Densely compacted 2J 

Medium compacted 2 

Loose, not compacted lj 

Silty sand and silt-sand mixtures (SM soil) 2 

Clayey gravels, gravel-sand-clay mixtures, clayey sands, sand-clay mixtures (GC and SC soils) 2 

Inorganic silts, and fine sands; silty or clayey fine sands and clayey silts, with slight plasticity; 
inorganic clays of low to medium plasticity; gravely clays; sandy clays; silty clays; lean clays 
(ML and CL soils) 1 

Inorganic clays of high plasticity, fat clays; micaceous or diatomaceous fine sand or silty soils, 
elastic silts (CH and MH soils) 1 
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Section 


Geometric section modulus, Z s , in . 3 


Shape factor 


1 

h 

...i 


— b-J 


bh 2 

4 


1.5 


v t 


h-x h 
w 


[Tb J 


J 


x x axjs: 


bt <h - t) + — (h - 2t> 2 


y-y axis: 

b 3 t (h - 2t)w 2 


1.12 (approx) 


1.55 (approx) 


l tlave.l 


1' 


1 

! 

Hf* h 

I 
t 


bt (h - t) + 


w(h - 2t) 2 


1.12 (approx) 



J 


ill 

6 


1.70 




*[-H1 


th 2 for t < h 


16 
3 n 


-(•¥)• 


FW 


1.27 for t < h 



y 

i 



h 


— b «• 



bh 2 


[•(’■?)('■ f )1 


1.12 (approx) for thin walls 


rl 


L b J 


bh 2 

12 


Figure -2 Geometric section moduli and shape factors 
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0 .005 .010 .016 .020 .02S .030 

strain e p , (in./in.) 

These curves can be approximated by the following equations: 
e p . < 0.008: f pi - 28,000 * p , (ksi) 

e p» > 0 . 008 : 

250 ksi strand: f p , - 248 - - < 0.98 f pu (ksi) 

270 ksi strand: f p , - 268 - f r'o ~ |o65 < 0 98 f <>“ (ksi| 

Figure -3 Typical stress-strain curve, 7-wire stress-relieved and low-relax- 
ation prestressing strand 
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Example: For the T-beam shown. Find the moment 
of inertia / ( : 

a t > b/b, - 143/15 = 9.53 

3, _ hjn - 8/36 - 0.22 

Interpolating between the curves for 3» = 0.2 
and 0.3, read AT* - 2.28 

b w h' 15(36)’ 

I. m K m «* 2.28 * 133,000 in. 4 

*12 12 



Figure -4 Gross moment of inertia of T sections 


gtffiJffS 


891 


\r.Chluiy\ 



Stress - psi x 1 0 3 
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Figure -5 Stress-strain diagram for prestressing steei strands in comparison 
with mild steel bar reinforcement 
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Fiai Anchorage FA 



Plate Anchorage SD 

Flat Anchorage FA Combination Plate Anchorage SD 


Tendon Size 

3-0.6’ or -4-0.5* 

4-0.6’ or 5-0.5* 


Tendon Size 

3-0.6* or 4-0.5* 

4-0.6' or 5-0.5' 

4-0.6* 

5-0.6* or 7-0.5’ 

6-0.6' or 8-0.5* 

7-0.6* or 9-0.5* 

Flat 

Anchor 

D 

10 \ 255 

13 \ 330 


Comb In. 
Plata 

D 

4-15/16 \ 125 

5-5/16 \ 135 

5X127 

5-7/8 \ 150 

6-1/2 X 165 

6-11/16X 170 

E 

4X100 

4 \ 100 



E 

5-1/2 V 140 

6-5/16X160 

9X229 

7-1/16X180 

8-1/16X205 

8-1/2X215 


F 

2-V4X57 

2-1/4 \ 57 



H 

1-5/8 \ 41 

1-5/8X41 

2X51 

1-9/16X40 

1-3/4X44 

1-3/4X44 

Tran- 

sition 

K 

12-1/4 \ 310 



Tran- 

sition 

0 

2-0/16 \ 65 

2-15/16X75 

2-13/16X72 

3-3/8 X 85 

3-3/4X95 

3-3/4 X 95 


L 

4-1/2 X 115 

8-5/8 \ 220 



L 

1 1 -3/8 \ 290 

10-7/16X265 

It X28C 

14X355 

15-15/16X405 

15-15/16X405 

Pocket 

Former 

A 

10-3/4 \ 275 

13-3/4 \ 350 


Pocket 

A 

6-1/2 \ 165 

6-1/2 \ 165 

7-1/16 X 179 

7-1/16X180 

7-7/8X200 

7-7/8 X 200 

B 

4-1/2 \ 115 

4-7/8 \ 124 



B 

7-5/16 \ 185 

7-5/16 \ 185 

9-7/8X251 

8-1/4X210 

9-7/16X240 

9-7/16X240 


C 

5-1/2 \ 140 

5-7/8 \ 148 



C 

3-15/16 \ 100 

3-15/16X100 

5-1/8X130 

3-15/16M00 

4-5/16X110 

4-5/16X110 

Duct 

ID 1 

1 \ 25 

1 \25 


Duct 

10 

1-0/16 v 40 

1-13/16X46 

2X51 

2-V16X52 

2-7/16X62 

2-7/16 X 62 


102 

3 X 75 

3\75 



L2 

8 \ 200 

8X200 

4X100 

6X200 

8X200 

8X200 


Ail dtmensons are nominal ana are expressed in Inch \ mrr Technical data suoect to change 

Figure -6 Dywidag flat anchorage for prestressing strands (Courtesy Dywidag 
Systems International). 
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L 



Anchorage Size 

5-0.6* or 
7-0.5* 

7-0.6* or 
9-0.5* 

90.6* Or 
12-0.5* 

12-0.6* or 
15-0.5* 

15-0.6* or 
20-0.5* 

19-0.6* or 
27-0.5* 

27-0.8* or 
37-0.5* 

37-0.6* Of 
59-0.5* 

Min. 

Block-out Ola. A 

7 \ 179 

8 \ 203 

9 \ 229 

10X254 

11 X 279 

12X305 

13-1/2X343 

16X407 

Transition Length 

12-3/8 \ 314 

13-7/16 \ 341 

15-3/4 \ 400 

20 X 508 

22-5/8 X 575 

25-3/16 X 640 

27-5/8 X 702 

35X890 

Anchor Ola. 

B 

5-15/16 \ 150 

6-11/16 \ 170 

7-1/2 \ 190 

8-5/8 X 220 

9-7/0 X 250 

11 X 280 

12-3/8X315 

14-1/8 X 360 


0 

3-9/16 \ 90 

3-7/8 \ 98 

4-7/16 X 113 

5-1/16 \ 128 

5-13/16 X 148 

6-3/8 X 162 

7-1/2 X 190 

8-1/2 X 220 


H 

3-9/16 \ 90 

3-15/16 \ 100 

4-15/16 \ 125 

7-1/16 \ 180 

7-7/8 X 200 

8-5/8 X 220 

9-7/16 \ 240 

12-1/2X320 

Wedge Plate 

c 

S-1/8 \ 130 

5-1/8 \ 130 

5-1/2 \ 140 

6-5/16X160 

7*1/16 X 180 

7-7/8 X 200 

9-7/16 X 240 

10-2/3 X 270 


E 

2 V 50 

1-9/16 \ 40 

1-11/16 \ 43 

1-11/16X43 

2X50 

2-3/16 X 55 

2*15/16X75 

3-1/2X90 

Trumpet 

LI 

8-7/8 V 225 

9-1/2 \ 241 

10-13/16X275 

12-7/8 X 327 

14-3/4 X 375 

16-1/2X419 

18-1/8X460 

22-1/2 X 600 

Ret>ar Spiral * 

Soe 

#4 \ 15M 

*4\ 15M 

MX 15M 

#5X 15M 

#5X1 5M 

#5 \ 15M 

# 6 X 20M 

# 7 \ 22M 


Grade 
400 MPa 

60 KSI \ 
400 MPa 

60 KSI \ 
400 MPa 

60 KSI \ 
400 MPa 

60 KSI X 
400 MPa 

60 KSI X 

400 MPa 

60 KSI \ 
400 MPa 

60 KSI X 
400 MPa 

60 KSI X 
400 MPa 


Pitch 

1-7/8 \ 50 

1-7/8 \ 50 

1-7/8 \ 50 

2-1/4X55 

1-7/8X50 

1-7/8 X 50 

2-1/4 \ 55 

2-3/8 X 60 


J 

10 V 255 

10-1/2 V 265 

10-5/8 \ 270 

14X355 

14-3/4 X 365 

15X380 

16-5/8 X 420 

18X460 


00 

7-3/4 \ 190 

9 V 230 

9-1/2X240 

11-1/4 X 285 

12-1/2X315 

14-1/2X365 

17X430 

22X560 

Duct 

D 

2\ 50 

2*3/8 V 60 

3X75 

3-3/8 X 85 

3-3/4 X 95 

4X 100 

4-1/2 X 115 

5 -1/8 X 130 

Ouct Coupler 

L2 

8 V 200 

8 \ 200 

8X200 

8X200 

8X200 

8X200 

8X200 

12X300 

Grout 

Requirements 

1 

5 

s 

0.12 \1. 5 

0.17X2.1 

0.28 X 3.46 

0.35X4.39 

0 44 \ 5.48 

0.47X5.30 

0.58 x 7.25 

0.72 X 8.90 


Se«fal required in 'local ancnor zone. 

VII dimensions are nominal ana are exoressed in men \ mm. Technical data subject to change 


Figure -7 Dywidag multiple anchorage for prestressing strands ( Courtesy Dy- 
widag Systems International) 
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Strand Pattern Designation 


DOUBLE TEE 


I 


No. of strand (10) 

S - strajQM D * dapnuw] 


108-D1 



No. of depression points 
Diameter of strand in I6ths 


Safe loads shown include dead load ol 10 
psf tor unlopped members and 15 psl tor 
lopped members. Remainder is live load. 
Long-time cambers include superimposed 
dead load but do not indude live load. 


Key 


173 — Safe superimposed service load, psf 
0.5 — Estimated camber at erection, in. 

0.7 — Estimated long time camber, in. 


8-0" X 24" 

Normal Weight Concrete 



£ = 5,000 psi 
k = 270,000 psi 


Section Properties 
Untopped Topped 


A 

- 

401 

In.' 

— 


1 

« 

20.985 

In.* 

27.720 

in.‘ 

Yb 

as 

17.15 

in. 

19.27 

In. 

y> 

■ 

6.85 

in. 

6.73 

in. 

Zt 

■ 

1.224 

In.’ 

1,438 

In.’ 

Z, 

- 

3,063 

in.' 

4.119 

in.* 

wt 

- 

418 

P» 

618 

pH 



CM 

<n 

psf 

77 

psf 

V/S 

- 

1.41 

in. 




8DT24 


Table of safe superimposed service load (psf) and cambers No Topping 


Strand 

Pattern 

e. 

Span, ft 

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 

68-S 

11.15 

11.15 

173 147 126 108 92 79 68 50 50 43 36 30 

0.5 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.5 

0.7 0.8 0.8 0.8 0.8 0.8 0.8 00 0.7 0.8 0.4 0.2 

88-S 

9.15 

9.15 

180 155 134 116 100 87 76 66 57 49 43 36 31 

0.7 0.7 0.8 0.8 0.8 0.8 00 0.8 0.8 0.8 0.7 0.6 0.5 

0.9 0.9 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0.7 0.5 0.3 0.1 

88-01 

9.15 

14.40 

-4*: 196 166 146 .12^114*100 . ^9 79 70 62 54 48 42 37 32 

•- 1.1 1.2 .10. y UC«18^ v t3t;:i:8 1.6 1.8 1.6 1.6 1-5 1.4 10 12 

“7- 1.5 15 '1.8 .1.8 1.7 1.6 1.5 1.4 1.2 0.9 0.5 

108-01 

7.15 

14.15 

j. ; .u:\jx145 129. 116 103 92 83 744.66 . 59- 53. 47 42 37 32 

a.o am a« ; 2 .i*- 2 .i-.£tin,aoj ao*>i.»r 1.7 is 

$*■ v !■ Z3 2.3 2ST 2^ 2.1 2.0t ' 1S5 1.6 «t1J . 1.0 05 

128*01 

5.48 

13.90 

rt«aj» STi.WvSP 83 -7Sii’'68i 61.4»55-:49 44 40 -.,35 

t-: ‘7f' v •?. ••;;• " f -'„f:.2S:'2^<,a&ia5 i ;’!2S.- 2.4 23 2-1>- IS- 

; * ..-Vv i’ . .* .-9)tsm,S®*t?a; - > -• !?• • •> 2.7 273- 25 23^21 18 IS 1.1-0* 

148-01 

4.29 

13.65 

* • ■ ! HFi 'W 19 'A'- -- >-:■ -' • I.-” •• <%X- 2-S 2-3 1.9r‘.1* 
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Table of safe superimposed service load (psf) and cambers 2" Normal Weight Topping 


Strand 


Span, ft. 

Pattern 

•c 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

62 

64 

48-S 

14.15 

183 

149 

122 

100 

82 

66 

53 

42 

33 












14.15 

0.4 

0.4 

0.4 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 













0.4 

0.4 

0.4 

0.4 

0.4 

0.3 

0.3 

0.2 

0.0 













11.15 

11.15 



175 

147 

123 

103 

86 

72 

60 

49 

39 










68^ 



0.5 

0.6 

C.6 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 












0.5 

0.6 

0.6 

0.5 

0.5 

0.4 

0.3 

0.2 

0.0 











11.15 

14.65 





134 

156 

133 

113 

96 

81 

69 

58 

48 

39 







68-D1 





9.7 

0.8 

09 

0.9 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 











9.8 

0.8 

0.8 

0.8 

0.7 

07 

0.6 

0.5 

0.3 

0.1 








9.15 







190 

165 

143 

124 

107 

93 

80 

69 

59 

51 

43 




88-D1 






-> 

1.1 

1.2 

1.3 

1.4 

1.5 

10 

1.6 

1.6 

1.6 

1.6 

1.6 











1.1 

1.1 

1.2 

1.2 

1.1 

1.1 

0.9 

0.8 

06 

0.4 

0.1 





7.15 










142 

124 

109 

96 

84 

74 

64 

56 

48 



108 -D 1 










1.7 

1.8 

1.9 

2.0 

2.0 

2.1 

2.1 

2.1 

£1 



14.15 










1.5 

1.5 

1.4 

10 

1.2 

1.0 

0.7 

0.5 

0.1 




5.48 

















74 

65 

57 

49 

128-01 
















- . _ 

20 

2.5 

2.5 

2.5 

13.90 

















1.0 

0.7 

0.3 

0.1 


Strength based on strain compatibility; bottom tension limited to 1 2 V t' t 
Shaded values require release strengths ri-gher than 3500 psi. 


Figure -8 8"-0" x 24" Double Tee (Courtesy PCI, Ref. 4.9) 
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Strand Pattern Designation 

No. ol strand (10) 

S - siragtv D * otpra&Md 

108 -D1 

No. of depression points 
Diameter ol strand in 16ths 

Because these units are pretopped and are 
typically used in parking structures, safe 
loads shown do not include any super- 
imposed dead loads. Loads shown are live 
load. Long-time cambers do not include 
live load. 

Key 

196 — Sale superimposed service load, psf 
0.4 — Estimated camber at erection, in. 

0.5 — Estimated long-time camber, in. 
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Table of safe superimposed service load (psf) Bnd cambers No Topping 


Strand 


Span, ft. 

Pattern 

®c 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 48 50 52 

54 

56 

58 

60 

62 64 

66 68 

68-S 

14-29 

196 

161 

133 

109 

90 

74 

60 

49 

39 

30 








14.29 

0.4 

0.4 

0.4 

0.4 

0.5 

05 

0.5 

0.4 

0.4 

0.4 









05 

0.5 

06 

0.6 

06 

06 

0.6 

0.6 

0.6 

0.5 












169 

142 

119 

100 

83 

69 

57 

47 

38 30 







88- S 

12.29 



05 

O.b 

O.ti 

06 

0.6 

0.6 

0.6 

0.6 

0.5 0.4 









0.7 

0.6 

0.8 

0.8 

0.9 

08 

0.8 

0.8 

0.7 0.6 








12.29 

17.54 




200 

170 

146 

125 

107 

91 

78 

66 56 47 39 

32 






B8-D1 




•0.7 

0.8 

0.9 

0.9 

1.0 

1.0 

1.0 

1.0 1.0 0 9 0.9 

0.8 









1.0 

1.1 

1.2 

15 

1.3 

1.3 

1.4 

1.4 15 15 1 2 

1.0 







10-29 




,r . ; 

•r— , 

189 163 142 123 107 

-93- ;80 - 69 60 

51 

43 

36 




108-D1 





v • . 

#1.1 

<1.1 

1 2 

15 

15 

1.4 :1.4 14 15 

15 

1 2 

1.1 




17.29 



V 1 -. , 



'1.5 

•1.8 

■1.7 

-1.7 

1.8 

15 “15- *15 .15 

1.7 

1.6 

1.5 





8.62 





■4~^r 



I;. .-C 

>Vrr- 

134 118 103 90 - 79 

69 

60 

5? 

45 

38 32 


12B-D1 







:• *:r 

( • 

1.6 

1.6 1.7' 1.7 ‘1.7 

1.7 

1.7 

1.6 

1.5 

1.4 '15 


17.04 




.»• — 

•' '• 



'.*•* * - 

2.1 

22 23‘2.3 23 

23 

22 

21 

20 

-1.9 : 1.7 

v .- ► > ’ 


7.43 

r. ... 


i s-'. 

l -V\. .. 7 


V , 

! 


1. 

98 

87 

76 

67 

59 

51 45 

38 33 

148-D1 


' 



. 

' -• < 





2.0 

2.1 

2.1 

^1 

Z1 

2.0 15 

1.7 ,1.5 


16.79 











2.8 

2.8 

2.8 

25 

2.7 

2.5 2-4 

22 ”1.9 




PRETOPPED 
DOUBLE TEE 

lO’-O" x 26" 


iort 

5 3 / 4 ' 


u u 


~ 4 * 


26 ' 


5 '- 0 " 


-—3 3 / 4 ' 


Section Properties 
Normal Weight lightweight 


A 

I 

y» 

y. 

Z. 

Z, 

wt 

v/s 


689 

in.* 

689 


30.716 

in. 4 

30,716 

ln.‘ 

20.29 

in. 

20.29 

in. 

5.71 

in. 

5.71 

in. 

1.514 

in.* 

1514 

in.* 

5,379 

in.* 

5,379 

in.* 

718 

P*f 

550 

P" 

72 

psf 

55 

psf 

2.05 

in. 

2.05 

In. 


V c = 5,000 psi 
f w = 270,000 psi 
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Table of safe superimposed service load (psf) and cambers No Topping 


Strand 

®. 

Span, ft. 

Pattern 

®c 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

72 

68-S 

14.29 

175 

146 

123 

104 

88 

74 

63 

53 

44 

36 

30 













14.29 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

0.9 

0.9 

0.9 

0 8 














09 

1.0 

1.0 

1.1 

12 

12 

15 

15 

12 

1.2 

1.1 














12.29 

12.29 


183 

156 

133 

113 

97 

83 

71 

61 

52 

44 

37 

31 











88-5 


0.8 

0.9 

1.0 

1.0 

1.1 

1.1 

12 

12 

12 

12 

1.1 

1.0 













1.1 

1.2 

15 

1.4 

1.5 

1.6 

1.6 

1.6 

1.6 

1.6 

1.5 

14 












12.29 

1754 




184 159 

138 

120 105 

92 

80 

70 

61 

53 

46 

39 

34 








88-D1 




15 

1.4 

'• 1 .5 

1.7 

1.7 

1.8 

1.9 

1.9 

1.9 

1.9 

1.9 

1.8 

17 











1.8 

1.9 

2.1 

2.2 

25 

2.4 

24 

2.5 

25 

25 

25 

2.4 

2.3 









1029 




. . . 


177 

155 137 

121 

106 

94 

83 

73 

65 

57 

50 

44 

38 

33 





108-D1 





• 

1.8 

2.0 

2.1 

22 

25 

25 

-2.6 

2.6 

2.6 

2.6 

2.6 

25 

2.4 

25 





17.29 






25 

2.7 

29 

3.0 

32 

35 

3.4 

3.4 

3.4 

3.4 

35 

32 

3.1 

3.0 






8.62 



,. .. 


.4 . • 






104 

93 

83 

74 

66 

59 

5? 

46 

41 

36 

31 


12B-D1 





. - J 







3.0 

3.1 

32 

33 

35 

3.4 

3.3 

32 

•3.1 

3.0 

2.8 


17.04 



• 









4.0 

4.1 

4.2 

4.3 

45 

45 

42 

4.0 

3.8 

3.6 

3.4 


148-Dl 

7.43 

16.79 

















73 

65 

58 

52 

47 

41 

37 

.-' v 
















4.0 

4.0 

4.0 

4.0 

4.0 

as 

3.6 


















55 

55 

5.2 

5.1 

5.0 

-4.7 

45 


Strength based on strain compatibility; bottom tension limited to 12\t' c ; 
Shaded values require release strengths higher than 3500 psi 


Figure -9 10-0” x 26" Double Tee (Courtesy PCI. Ref 4.9) 
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Strand Pattern Designation 

No. of strand (10) 

S « straight D = depressed 


No. of depression points 
Diameter of strand in 16ths 

Because these units are pretopped and are 
typically used in parking structures, safe 
loads shown do not include any superim- 
posed dead loads. Loads shown are live 
load. Long-time cambers do not include live 
load. 

Key 

176— Safa superimposed service load, psf 
0.8 — Estimated camber at erection, In. 

1.1 —Estimated long-time camber, in. 



PRETOPPED 
DOUBLE TEE 

12'-0" x 34' 



f' c = 5,000 psi 
fp„ = 270,000 psi 


Section Properties 


Normal Weight Lightweight 


A 

* 

978 

In* 

978 

In* 

1 

s 

86,072 

In* 

86.072 

in 4 

y» 

= 

25.77 

in. 

25.77 

in. 

y< 

- 

8.23 

in. 

8.23 

in. 

s. 

m 

3,340 

In® 

3.340 

in* 

s, 

= 

10,458 

in® 

10,458 

in* 

wt 

m 

1,019 

pff 

781 

pit 



85 

psf 

65 

psf 

V/S 

a 

2.39 

in. 

239 

In. 


12DT34 


Table of safe superimposed service load (psf) and cambers (in.) No Topping 


Strand 

In. 

Span, It 

Pattern 

®o. In. 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

86 

128-01 

14.10 

22.52 

Ub 

0.8 

1.1 

T5T 

0.8 

1.1 

ibb 

0.9 

1.2 

ihb 

0.9 

12 

104 

0.9 

12 

91 

0.9 

12 

0.9 

12 

fcW 

0.8 

12 

b§ 

0.8 

1.1 

if 

0.7 

1.0 

44 

0.7 

0.9 

44 

0.8 

0.7 

30 

0.5 

0.6 

■ 










148-D1 

12.91 

2227 

187 

1.0 

1.4 

165 

1.0 

1.4 

146 

1.1 

1.4 

129 

T.1 

1.5 

114 

1.1 

1.5 

101 

1.1 

1.5 

89 

1.1 

1.5 

78 

1.1 

1.5 

68 

1.1 

1.5 

60 

1.0 

1.4 

52 

1.0 

1.3 

44 

0.9 

1.1 

38 

0.7 

1.0 

32 

0.8 

0.8 

26 

0.4 

as 








168*01 

12.77 

22.02 



196 
1 2 
1.7 

174 

1.3 

1.7 

155 

1.3 

1.8 

138 

1.4 

1.9 

123 

1.4 

1.9 

110 

1.4 

1.9 

97 

1.4 

1.9 

86 

1.4 

T.9 

76 

1.4 

12 

67 

1.4 

1.8 

59 

1.3 

1.7 

52 

1.2 

1.6 

45 

1.1 

1.5 

39 

1.0 

1.3 

33 

0.8 

1.0 

28 

0.6 

0.7 






188-D1 

11.38 

21.77 





178 

1.5 

2.0 

160 

1.5 

2.1 

143 

1.6 

2.1 

128 

1.8 

2.2 

115 

1.7 

22 

102 

1.7 

22 

91 

1.7 

22 

82 

1.7 

22 

73 

1.6 

2.1 

64 

15 

2.0 

57 

1.5 

1.9 

50 

1.4 

1.8 

43 

12 

1.6 

38 

1.1 

1.4 

32 

0.9 

1.1 

27 

0.6 

0.7 




208-D1 

10.27 

21.52 









131 

1.8 

2.S 

118 

12 

2.5 

106 

12 

2.5 

95 

1.9 

2.5 

85 

1.9 

2.5 

76 

1.9 

24 

68 

1.8 

2.3 

61 

1.7 

22 

54 

1.0 

21 

47 

1.5 

1.9 

41 

12 

1.7 

36 

1.1 

1.4 

31 

0.9 

1.1 

26 

0.0 

0.7 


228-01 

9.36 

21.27 












109 

2.1 

2.8 

98 

21 

28 

88 

21 

28 

79 

2.1 

2.7 

71 

21 

26 

64 

20 

2.5 

57 

1.9 

2.4 

50 

1.7 

22 

44 

1.6 

2.0 

39 

1.4 

1.7 

34 

1.1 

1.4 

29 

0.8 

1.0 


12LDT34 


Table of safe superimposed service load (psf) and cambers (in.) No Topping 


Strand 

®«.ln. 

Span, n 

Pattern 

e .,ln- 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

88 



T§T 

i/i 

ii>2 

liib 

120 

10/ 

9i 

* bb 

/& 

67 

b§ 

b2 

46 

40 

3b 

30 

36 







128-D1 

22.52 

1.3 

1.4 

1.5 

1.5 

1.6 

1.6 

1.7 

1.7 

1.7 

1.7 

1.7 

1.6 

1.6 

1.5 

1.4 

12 

1.0 









1.8 

1.9 

20 

2.0 

21 

2.1 

22 

2.2 

22 

22 

22 

2.1 

21 

2.0 

1.8 

1.6 

1.3 











182 

162 

146 

130 

117 

105 

94 

85 

76 

68 

61 

54 

48 

42 

37 

33 

28 





148-01 




1.7 

1.6 

1.9 

2.0 

2.0 

2.1 

21 

21 

21 

21 

21 

21 

2.0 

1.9 

1.8 

1.6 

1.4 









23 

24 

2.5 

2.6 

27 

2.8 

2.8 

28 

2.8 

2.8 

27 

2.7 

26 

2.4 

2.3 

2.1 

18 






12 77 




191 

172 

155 

139 

126 

114 

103 

93 

84 

76 

68 

61 

55 

49 

44 

39 

34 

30 

26 


168-D1 





21 

22 

23 

2.4 

2.5 

2.6 

27 

27 

27 

27 

2.7 

27 

26 

2.5 

24 

23 

2.1 


1.6 







28 

30 

3.1 

3 2 

3.3 

3.4 

3.5 

3.6 

35 

3.5 

3.5 

3.4 

3.3 

3.2 

3.1 

2.9 

2.7 

24 

21 



11.38 








144 

131 

119 

108 

98 

89 

81 

73 

66 

60 

54 

48 

43 

39 

34 

30 

188-D1 

21.77 








2.7 

2.8 

29 

3.0 

3.1 

32 

32 

32 

32 

3.1 

3.0 

2.9 

28 

25 

2.4 

2.1 










3.7 

38 

35 

4.0 

4.1 

4.1 

42 

4.1 

4.0 

39 

3.7 

38 

3.4 

32 

3.0 

27 


10.27 













102 

93 

85 

77 

70 

64 

58 

52 

47 

42 

38 

208-01 

21.52 













3.5 

3.6 

3.6 

3.6 

3.6 

3.6 

3.5 

3.4 

3.3 

3.1 

2.9 















4.6 

4.7 

4.7 

4.7 

4.7 

48 

4.4 

4.2 

3.9 

3.7 

3.5 


9.36 

















6o 

73 

sv 

S — 

~zr 

sr 

Ts 

228-D1 

2127 

















4.1 

4.1 

4.1 

4.0 

39 

3.8 

3.8 



















5.3 

52 

52 

5.0 

48 

4.0 

42 


Strength based on strain compatibility; bottom tension limited to 12 , f c ; see pages 2-2-2-G for explanation. 
Shaaed values require release strengths higher than 35 00 psi. 


Figure -10 Pretopped 12'-0"x 34" Double Tee (Courtesy PCI. Ref. 4.9) 
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mmlgjimmfjiuiiawfai 


NPIC 


INVERTED TEE BEAMS 


6* 

1'-6* 

5 ' 

r 




£ 

£ 

.C 

1 

2'-6' 



f c = 5,000 psi 
= 270,000 psi 

Vi in. diameter 
low-relaxation strand 


Normal Weight Concrete 


Section Properties 

Designation 

h 

(in.) 

(In.) 

A 

(In.*) 

1 

(in.*) 

y> 

fm) 

z. 

(In. 1 ) 

z> 

(in.*) 

wt 

(plf) 

30IT20 

20 

12/8 

456 

15.240 

8.74 

1,744 

1.354 

475 

30IT24 

24 

12/12 

576 

26.352 

10.50 

2.510 

1,952 

600 

30IT28 

28 

16/12 

648 

41.824 

12.22 

3.423 

2,650 

675 

30IT32 

32 

20/12 

720 

62,400 

14.00 

4,457 

3,467 

750 

30IT36 

36 

24/12 

792 

88.678 

15.82 

5,605 

4,394 

825 

30IT40 

40 

24/16 

912 

121,923 

17.47 

6.979 

5.412 

950 

30IT44 

44 

28/16 

984 

162.161 

19.27 

8.415 

6.557 

1,025 

30IT48 

48 

32/16 

1.056 

210.199 

21.09 

9,967 

7,811 

1,100 

30 IT 52 

52 

36/16 

1,128 

266.627 

22.94 

11,623 

9.175 

1,175 

30IT56 

56 

40/16 

1,200 

332,032 

24.80 

13.388 

10.642 

1,250 

30IT60 

60 

44/16 

1,272 

406,997 

26.68 

15,255 

12,215 

1.325 


Key 

8.428 — Sate superimposed service load, ptl 
0.4 — Estimated camber at erection, in. 
0.2 — Estimated long-time camber, in. 


1. Check local area for availability of other sizes. 

2. Sate loads shown include 50% dead toad and 50 % five toad. 800 psi top tension 
has been allowed, therefore additional top reinforcement is required. 

3. Safe loads can be significantly increased by use of structural composite lopping. 


Table of safe superimposed service load (pit) and cambers 





Span, It 

Desig- 

nation 

No. 

Strand 

e 

18 

20 

22 

24 26 

28 

30 32 34 36 

38 

40 42 44 46 48 

so 

30IT20 

14 

6.65 

8,428 6,736 
0.4 0.5 

0.2 0.2 

5.485 

0.6 

0-2 

4,533 3,792 
0.7 0.9 

03 0.3 

3.204 

1.0 

03 

2.730 2.342 2.020 1,751 
1.1 1.2 1.3 1.4 

03 03 0.3 03 

1,523 

1.4 

03 

1,332 1,187 1,024 
16 1.6 1.6 
03 03 03 


30IT24 

17 

7.67 


9.736 

0.4 

0.2 

7,942 

0.5 

03 

6.578 5,516 
0.6 0.7 

0.2 0.2 

4,673 

0.8 

0.3 

3,994 3.437 2.976 2,592 2,269 

0.9 1.0 1.1 1 2 1.2 

03 0.3 0.3 0.3 0.3 

1.993 1.755 1,550 1.370 1,212 

13 14 1.4 1.5 1-5 

03 03 03 0.2 0.1 

1,073 

1.5 

0.0 

30IT28 

20 

9.06 




9.087 7.643 
0.6 0.6 
0.2 0.2 

6,497 

0.7 

0.3 

5.573 4.816 4,189 3,664 3,219 

0.8 0.9 1.0 1.1 1 2 

0.3 03 0.3 0.3 0.3 

2.839 2£13 2,334 1.990 1.776 

1.2 U 1.4 1.4 1.5 

0.3 03 0.3 0.3 0.3 

1.588 

1.5 

03 

30IT32 

23 

10.50 





8.647 

0.7 

0.2 

7,436 6.445 5,623 4.935 
0.7 0.8 0.9 1.0 

0.3 0.3 0.3 0.3 

4.352 

1.1 

0.4 

3,855 3.426 3,055 2.732 2.448 

13 13 13 1.4 1.5 

0.4 0.4 0.4 0.4 0.4 

2301 

1.5 

03 

30IT36 

24 

12.32 






9,492 8,243 7,207 6.340 
0.7 0.7 0.8 0.9 

0.2 0.2 03 03 

5,605 

1.0 

0.3 

4.978 4.439 3,971 3,563 3 305 
1.0 1.1 13 13 13 

03 03 03 03 03 

2.892 

1.4 

0.3 

30IT40 

30 

12.92 






9.077 7,994 
0.6 0.8 
0.3 0.3 

7,077 

0.9 

0.3 

6,295 5.621 5.037 4.520 4.081 

1.0 1.1 13 13 1.3 

0.4 0.4 04 0.4 0.4 

3,687 

1.4 

0.4 

30IT44 

30 

14.73 






9.659 

0.7 

0.3 

8,564 

0.8 

0.3 

7,629 6325 6.127 5,519 4.985 

0.9 1.0 1.0 1.1 13 

03 03 0.3 03 0.3 

4,514 

13 

0.3 

30IT48 

33 

16.17 








9.222 8362 7.431 6,705 6.068 

0.8 09 1.0 1.0 1.1 

03 03 0.3 0.3 0.3 

5,506 

13 

0.3 

30IT52 

36 

17.62 








9336 8.858 8,004 7,255 
0.9 0.9 1.0 1.1 

03 0.3 03 0.3 

6.594 

1.1 

0.4 

30IT56 

39 

19.06 








9.407 8,538 
1.0 1.0 
0.3 0.4 

7,770 

1.1 

0.4 

30IT60 

42 

20.49 








9.917 

1.0 

0.3 

9.036 

1.0 

0.4 


Figure -11 Inverted Tee Beam Sections (Courtesy PCI, Ref 4.9) 
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HOLLOW-CORE SLABS 

Section Properties — normal weight concrete 


Dy-Core 


Trade name: Dy-Core 3 

Licensing Organization: Dy-Core Systems, Inc., Vancouver, British Columbia 


fOOOQOOl 

loQQQOQf 

n.o.o..oi 

[ ■ : ... ■> : — ■ vy’ zi 
T - o ' ■ > f. • * 

ffio 


Section 


Untopped 


With 2" topping 

width 

X 

A 

y. 

1 

wt 

y» 

1 

Wt 

depth 

In.* 

In. 

In. 4 

psf 

in. 

In.* 

psf 

4'-0" x 6" 

151 

3.11 

663 

40 

4.54 

1,552 

65 

4’-0" x 8” 

190 

3.95 

1,568 

51 

5.54 

3.130 

76 

4'-0"x 10' 

216 

5.10 

2.892 

58 

6.80 

5.097 

83 

4’-(rx 12* 

262 

6.34 

4.875 

71 

8.01 

7.823 

96 

4'-(T x 1 5* 

289 

7.34 

8.701 

78 

9.36 

13.776 

103 


Note: All sections not available from all producers. Check availability with local manufacturers. 


Section Properties — normal weight concrete Dynaspan 


Trade name: Dynaspan® 

Equipment Manufacturers: Dynamold Corporation, Salina, Kansas 


OOOOO.O.Oi 


tooobQQol 


( 0 . 0000000 . 0000.001 


fobbbb.obQboooobf 


Note: All sections not available from all producers. Check availability with local manufacturers. 



Figure -12 Hollow Core Slab Sections (Courtesy PCI, Ref 4.9) 
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NPIC 


AASHTO I-Beams 




Typel-IV Type V- VI 


Dimensions (inches) 


Type 

D1 

D2 

D3 

D4 

D5 

D6 

B1 

B2 

B3 

B4 

B5 

B6 

I 

28.0 

4.0 

0.0 

3.0 

5.0 

5-0 

12.0 

16.0 

6.0 

3.0 

0.0 

5.0 

II 

36.0 

6.0 

0.0 

3.0 

6.0 

6.0 

12.0 

18.0 

6.0 

3.0 

0.0 

6.0 

m 

45.0 

7.0 

0.0 

4.5 

7.5 

7.0 

16.0 

22.0 

7.0 

4.5 

0.0 

7.5 

IV 

54.0 

8.0 

0.0 

6.0 

9.0 

8.0 

20.0 

26.0 

8.0 

6.0 

0.0 

9.0 

V 

63-0 

5-0 

3.0 

4.0 

10.0 

8.0 

42.0 

28.0 

8.0 • 

4.0 

13.0 

10.0 

VI 

72.0 

5.0 

3-0 

4.0 

10.0 

8.0 

42.0 

28.0 

8.0 

4.0 

13.0 

10.0 


Properties 


Type 

Area 

in. 2 

in. 

Inertia 

in. 4 

Weight 

kip/ft 

Maximum 
Span,* fit 

I 

276 

12.59 

22,750 

0.287 

48 

II 

369 

15.83 

50,980 

0.384 

70 

III 

560 

20.27 

125,390 

0.583 

100 

IV 

789 

24.73 

260,730 

0.822 

120 

V 

1,013 

31.96 

521,180 

1.055 

145 

VI 

1,085 

36.38 

733,320 

1.130 

167 


'Based on simple span, HS-25 loading and f c * 7.000 psi. 


Figure -13 (a) AASHTO/PCI Standard Bridge Sections (Courtesy PCI, Ref. 12.11) 
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AASHTO I-Beams 


V 

u 

2£* I 

Ld 

h 


Type I 



Typ«n 



2' (TYP.) 





Type V Type VI 


Figure -13(b) Possible Strand Arrangement for Sections in Figure C-6 (a) 
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NPIC 


AASHTO-PCI Bulb-Tees 



Properties 


Type 

H 

in. 

H w 

in. 

Area 

in. 2 

Inertia 

in. 4 

yko«o. 

in* 

Weight 

kip/ft 

Maximum 
Span/ ft 

BT-54 

54 

36 

659 

268,077 

27.63 

0.686 

114 

BT-63 

63 

45 

713 

392,638 

32.12 

0.743 

130 

BT-72 

72 

54 

767 

545,894 

36.60 

0.799 

146 


"Based on simple span, HS-25 loading and f c - 7,000 psi. 

Figure - 14 (a) AASHTO/PCI Bulb Tees (Courtesy PCI, Ref. 12.11) 
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AASHTO-PCI Bulb-Tees 


2- cm?) 






Figure -14(b) Possible Strand Arrangement for Sections in Figure C-7 (a) 
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NPIC 


Deck Bulb -Tees 

w 



Dimensions and Properties 


H 

in. 

in. 

w 

in. 

Area 

in. 2 

Inertia 

in. 4 

Y bottom 

in. 

Weight 

kip/ft 

Maximum 

Span* 

ft 

35 

15 

48 

677 

101,540 

21.12 

0.75 

100 

72 

823 

116,071 

23.04 

0.91 

78 

96 

967 

126,353 

24.37 

1.07 

65 

53 

33 

48 

785 

294,350 

31.71 

0.87 

145 

72 

931 

335,679 

34.56 

1.03 

121 

96 

1,075 

365,827 

36.63 

1.19 

105 

65 

45 

48 

857 

490,755 

38.55 

0.95 

168 

72 

1,003 

559,367 

41.95 

1.11 

148 

96 

1,147 

610,435 

44.46 

1.27 

130 


'Based on simple span, HS-25 loading and f t » 7,000 psi. 

Figure - 15 (a) AASHTO/PCI Shallow Bridge Deck Bulb Tees (Courtesy PCI, Ref. 12.11) 
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HtmlgjiromMtioiafiRro 


NPIC 


AASHTO Box Beams 


w 




Dimensions (inches) 


Type 

w 

H 

BI-36 

36 

27 

BI-48 

48 

27 

BII-36 

36 

33 

BIl-48 

48 

33 

Bm-36 

36 

39 

BUI -48 

48 

39 

BIV-36 

36 

42 

BIV-48 

48 

42 



Typical Longitudinal Section 


Trope rties 


Type 

Area 

in. 1 

in. 

Inertia 

in- 4 

Weigh. 

kip/ft 

Max. Span* 
ft 

BI-36 

560.5 

13.35 

50334 

0.584 

92 

BI-48 

692.5 

13.37 

65.941 

0.721 

92 

BU-36 

620.5 

16.29 

85,153 

0.646 

107 

BH-48 

752.5 

16.33 

110.499 

0.784 

108 

BIII-36 

680.5 

19.25 

131.145 

0.709 

120 

BUI-48 

812.5 

19.29 

168.367 

0.846 

125 

BIV-36 

710.5 

20.73 

158.644 

0.740 
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BIV-48 

842.5 

20.78 

203.088 

0.878 

127 


‘Based on simple span, HS-25 loading and f t - 7,000 pri. 


Figure -16 (a) AASHTO/PC1 Bridge Box Girders (Courtesy PCI, Ref. 12.11) 
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Figure -16 (b) Possible Strand Arrangement for Sections in Figure -16 (a) 




907 


\r.Chluiy\ 



